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1.0 GROUNDWATER EXTRACTION SYSTEM

1.1 BURIED CONDUIT STRUCTURAL DESIGN (PIPE AND:
MEDIA DRAIN) ___________________

Given:

- maximum burial depth 30 ft

- average soil density 114 p.c.f. « 3078

- allowable pipe deflection 5%

- pipe dia. 6" HDPE

Modified Iowa Equation (Dr. Spangler, 1955):

Dl K We r3AX =
El + 0.061 E'r3

AX = deflection inches

Dl = 2.0 (deflection lag factor, Greenwood 1975)

K = 0.110 (bedding constant, Greenwood 1975)
El = 0.136 r3 —

AX
F

~ = 60.0 psi (pipe stiffness value by pipe manufacturer)AA

r = radius of pipe = 3 in.

El = 0.136 x 27 x 60 = 220.3 psi

E' = 2000 psi (soil stiffness factor for crushed stone @ compaction > 70%

relative density)

We = loading per unit length (Ib/L in)

We = Px2r



i

I
1

P = soil pressure (psi)

P = coxh

to = 1 1 4 p.c.f. soil density

h = 30 ft max. depth I

P = 114 x 30 = 3420 psf = 23.8 psi

We = 23.8 x 6 = 142.8 Ib/L in J.

2.0 x 0.110 x 142.8 x 27 _ 848.2
AX ~ 220.3 + 0.061x2000x27 ~ 3514.3 = °'24 m

%AX = = 4% < %AX = 5%6.0

I
1

Therefore, corrugated HDPE pipe is acceptable at burial depth of up to 30 feet. I

ipe to be ,1

i
According to manufacturer's (ADS Inc.) recommendation, drainage pipe

used shall be HDPE, corrugated, perforated, smooth interior, landfill grade

type, with minimum pipe stiffness of 86 Ibs/in/in.

i

1.2 EXTRACTION WELL, WET WELL AND FORCEMAIN ^
SYSTEM DESIGN_______________________

1.2.1 Extraction Well Design

Given: }

- Depth to water level including drawdown = 80 ft.

- difference in elevation = 4 ft. (worst case)

- forcemain, horizontal longest run = 100 ft. I

i



- minimum HOPE forcemain size 2"0

- maximum expected flow rate = 5 gpm

Total dynamic head required:

- vertical lift 80.0 ft.

- difference in elevation 4.0 ft.

- friction losses (5 GPM @ 2"0 @ 100 ft) 0.2 ft.

- friction losses (5 GPM @ 1"0 @ 80 ft) 1.54 ft.

- minor losses (flow meter, flow control valve,

fittings) 15.0 ft.

TOTAL TDH 100.8 ft.

Pump Selection:

Submersible electrical pump Grundfos; Model 5E8 flow range 1.2-7 GPM; 1/3

HP, max TDH of 200-210 ft.; pump outlet 1" dia. equipped with built-in check

valve. 3-wire Franklin electrical motor, single phase, 230 volts.

Forcemain Size:

Proposed forcemain size 2"0 will result in minimal friction losses of

approximately 0.5 ft.

Proposed Mechanical Components:

1) Pitless adaptor Maass Model J, drop pipe size 1"0.
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2) Flow meter, Badger Model OP, l/2"0, bronze body, kynar piston, range

1-6 gpm, equipped with Model PFT-420 Flow Transmitter and remote

readings Model ER-7R, single indicator for flow rate to be installed @

well and for totalization in treatment plant.

3) Gate valve, 1"0 Crane No. 438 or Watts WGV.

4) Flow control valve, Series 44, l/2"0 ball valve equipped with HQ99 Set

Point Controller and electric actuator, Worcester Co.

5) Liquid level electrodes

Grundfos Pumps

Ohio distributors: Central Pumps - distributor of standard product
S-models
(513)-890-1206
Dayton, Ohio - Mark

1.2.2 Wet Well Design

Given:

- depth to tile system = 28 ft

- sump depth = 6 ft

- forcemain length, approx. 880 ft

- forcemain size 3"0



- maximum expected flow 50 GPM (including six extraction wells flow of

6 GPM)

- difference in elevation = 4 ft

Total dynamic head required:

- vertical lift 28 + 6 34 ft

- difference in elevation 4ft

- friction losses @ 50 GPM in 3"0 @ 900 ft,

(Worst case, 2 pumps @ 2 x 50 GPM = 100 GPM

in 3"0, assume 50% friction losses for single pump) 11 ft

- minor losses (flow meter, valves and fittings) 15 ft

- treatment plant reach 15 ft

TOTAL TDH 79.0 ft.

Pump Selection:

Submersible electrical pump Grundfos Model 60S20-4, flow range 40-75 GPM

2HP, max TDH 110 ft @ 50 GPM. Pump outlet 2"0 equipped with built-in

check valve, 3 phase, 460 V electrical motor.

Forcemain size:

Proposed 3"0 will result in friction losses of 22 ft in worst case (100 GPM

initial flow rate).



MODEL

60S
FLOW RANGE

40 to 75 GPM
PUMP OUTLET

2" NPT

60 GPM
PERFORMANCE CURVES

600

OPERATING RANGE 4010 75 GPM
FOR CAPACITIES BELOW40 GPM

StEMOOEHOS

10 30 40
CAPACITY (GPM)

70

DIMENSIONS AND WEIGHTS
MODEL NO.
60S20-4
60S30-5
60S50-7
60S50-9
60S75-13
60S100-18

HP
2
3
5
5

71/2*

10*

LENGTH
(INCHES)

31 1/4

40%
48%
53*4
70

971/4

WIDTH
(INCHES)

3^18

3^8

3 'Vie
31V.e
31Vie
3^16

APPROX. UNIT
SHIPPING WT.(LBS.)

39
64
75
80

105
160

Specifications are subject to change without notice.
* A 4-inch motor is provided as standard on these models.
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Proposed mechanical components:

1) Pitless adaptor Maass Model J, drop size pipe 2"0.

2) Flow meter, Badger Model OP 2"0, bronze body, Kynar piston, range

20-100 GPM equipped with Model PFT-420 flow transmitter and remote Jj

reading model ER-7R single indicators for flow rate. To be installed

@ wet well and for totalization in treatment plant.

3) Gate - valve 2"0, Watts Model WGW or Crane No. 438.

4) Flow control valve, Series 44, 2"0 ball valve equipped with HQ99 Set

Point Controller and electric actuator, Worcester Co.

5) Liquid level controls.

1.3 GRADATION REQUIREMENTS FOR PIPE
AND MEDIA DRAIN BACKFILL______

Data given and requirements

- pipe backfill material, Aggregate No.89 (ASTM-D448, Ohio DOT 703.01)

with approximate hydraulic conductivity of 1 x 10 to 1 x 10~1 centimeters

per second (cm/s).

- native soil gradation analyses results:



d85 of soil falls between 15 and 22 mm in general

of soil falls between 0.003 and 0.0065 in general.

Applicable filter criteria:

Dl5 (filter) PIS (filter)
d85(soil) <4to5> di5(soil)

to prevent for sufficient
piping permeability

Use filter material: coarse aggregate size No. 89 Ohio D.O.T. (703-1),

1.2 to 2.8 mm.

Permeability, based on Hazen's Formula is

K = (Dio)2 where k [cm/s], DIO [mm]

DIG = 1.0 mm to 2.0 mm

K = 1 to 4 cm/s, which is greater than value in

Design Criteria Document

.-. okay.

check for soil analyses - lower results, dis = 0.003 mm and d$5 = 15 mm

2.8 1.2
-^ < 4 to 5 < Q-QQ3 Worst case.

0.186 < 4 to 5 < 400.0 permeability and filter criteria satisfied

check for soil analyses - higher results,

= 0.0065 mm and d85 = 22 mm



I
2.8 1.2
223 <4 to 5 < 00065 Worse case I

0.127 < 4 to 5 < 184 permeability and filter criteria satisfied ^

Criterion for geotextile (soil/filter layer materials surrounding the fabric ^

must have gradations that are compatible with the size of fabric holes (EOS I

= #50 U.S. STD sieve = 0.297 mm):

I
d85 (soil/filter)

T?^"\C* ^ •!• or £ iEOS

d85 = 15mm for surrounding soil I

15 I
Q-297 = 50.5> 1 or 2 -L

i
D85 = 9 mm for filter material (backfill)

I
9

Q-297 = 30.3> 1 or 2 ,
1

Conclusion: _^

1) Criteria for filter (backfill material) and for geotextile are satisfied.

J
2) Use backfill for pipe and media drain, coarse aggregate, size number 89,

according to Ohio D.O.T. 703.01: 1

1
1



Screen Sieve % Passing by Weight

1/2 100
3/8 90 -100
No. 4 20-55
No. 8 5 - 30
No. 16 0-10
No. 50 0-5

3. Proposed geotextile for pipe bedding material EOS no smaller than

US Sieve #50.

1.4 MECHANICAL COMPONENTS

The specifications for the mechanical components of the

ground water extraction system are included in Attachment 1.



SIZES OF COARSE AGGREGATE
(AASHTO M 43)

Slaa
Biunbar

1 ...
I ...
24 .

387
4 . .
467
6 . . .
M .
57 . .
« . . .
67 . .
68 . .
7 ..
78 ..
8 ..
89 .
9 ..
10 .

Nominal sice
aquara opaainga

(1)
3-1/3 to M/2 . . .
3-1/2 to 1-1/2 . . .
2-1/2 to 9/4 . . . .
> to 1. . . . . . . .
2 to No. 4 . . . . .
1-1/3 to 8/4 . .
1-1/2 to No. 4. . .
1 to 1/3. . . . . . .
1 to 3/8. . . . . .
1 to No 4
3/4 to an. . . . . .
1/4 to Na 4
fft/J «,_ M- 0

1/2 to No. 4. . . .
1/3 to N.. 8. ...
M to No. 8. ...
3/8 to No. 1« . . .
No. 4 to No. 16 .
No. 4 to 0 (2) ..

Amounte finer than each laboratory wave (square openings), percentage by weight
4

100

3-1/2

M to 100

3

100
100

2-1/2

28 to 60
80 to 100
BO to 100

100
100

3

35 to 70

90 to 100
95 to 100

100
100

1-1/2

0 to 15
0 to 16

25 to 60
35 to 70

90 to 100
95 to 100

100
100
100

1

0 to 15
36 to 70
20 to 55

90 to 100
90 to 100
95 to 100

100
100
100

3/4

0 to 6
0 to 6
0 to 10

0 to 16
35 to 70
20 to 55
40 to 76

90 to 100
90 to 100
90 to 100

100
100

1/2

0 to 6
0 to 5

10 to 30

0 to 10
16 to 35
25 to 60
20 to 66

90 to 100
90 to 100

100
100

34

0 to 6
10 to 30
0 to 6
0 to 16

0 to 16
20 to 65
30 to 65
40 to 70
40 to 76
85 to 100
90 to 100

100
100

No. 4

0 to 6

0 to 6

0 to 6
0 to 10
0 to 6
0 to 10
6 to 25
0 to 16
5 to 26

10 to 30
20 to 66
85 to 100
85 to 100

No. 8

0 to 6

0 to G
0 to 10
0 to G
0 to 10
0 to 10
6 to 3

10 to 4

No. 16

0 to 6

0 to 6
0 to 6
0 to 1
0 to 1

No. 60

0 to
0 to

No. 100

10 to 30

(1) la inchM, e«eept what* otherwiea indieatad. Numbwad sieve, an thoaa of tha Unitad State. Standard Slav. Sariaa.
(2) Screening..

Whara itandard aiiaa of coaraa aggregate daaignated by two or three digit number* are specified, tha tpecified gradation may be obUined by combining the appropriate
•ingle digit standard site aggregate, by a auitable proportioning device which haa a aeparate compartment for each coarae aggregate combined. The blending thall
be dona aa directed by tha Laboratory.

O
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2.0 RELOCATION OF DRAINAGE DITCHES

2.1 SOUTH DITCH DESIGN

2.1.1 Peak Discharge Calculations

Data given and assumptions:

- rainfall event 24-hour with a one in 25-year return period: rainfall

(inches) 4;

- drainage area: 56 acres

- type of cover: soil cover, good pasture

- hydrologic soil group: Mercer PM, Group C

- curve number: CN = 74, (table 2.2)

Check maximum expected flow based on assumed drainage area of 56 acres,

using Curve Number Method.

Using Runoff Curve Number Method (TR-55), (see attached pages), final peak

discharge to be handled by south ditch is Qp = 100.80 cfs.

Based on information from Ohio D.O.T. (see attached) existing culvert under

Route 225 has been designed for maximum capacity Q = 60 cfs. Based on

existing culvert capacity of 60 cfs and contingency of 20 cfs (contribution from

Summit National Site and adjacent area south of Site), final capacity of 80 cfs

has been assumed as design base for south ditch.

10



Project •£-.

Location

Worksheet 2: Runoff curve number and runoff

______ By ____

Checked

Dace

Date

Circle one: (PresentYDeve loped

1. R u n o f f curve number (CN)

Soil name
and

hydrologlc
group

(appendix A)

MERrfK,

Cover description

(cover type, treatment, and
hydrologic condition;
percent Impervious;

unconnected/connected impervious
area ratio)

6ODP PPr€=rofc£L

•

CN^
t*ti
CM

01
•-H
.0

CO
H

74

-

r"i
<N

eo•Hu.

-4-
<N

•

60
•H
U.

*' Use onlv one CN source oer line. TorsT* -

Area

0acres
Dmi2

D X

56

Product
of

CN x area

A\W

A\44
_„ , . . .. cocal productCN (weighted) • ————r*————— «total area

2. Runoff

Use CN -

Frequency .............................. yr

Rainfall, P (24-hour) .................. in

Runoff, Q .............................. in
(Use P and CN with table 2-1, fig. 2-1,
or eqs. 2-3 and 2-4.)

Storm 8\

25
A

\.6O

Storm ^2 Storm #3

(21Q-VI-TR-55, Second Ed., June 1986)

i

1

1

I

1

1

I

1

I

1

1

I

1

1

i

i

1

1

1



Vorksheet 3: Time of concentration (Tc) >r travel time (Tt)

Project

Location F

By

Checked

Date

Date

Circle one: (Present) vjjevelopejj __
Circle one: TC Tfc through subarea _________________'_———————__

NOTES: Space for as many as two segments per flow type can be used for each
worksheet.
Include a oap, schematic, or description of flow segments.

Sheet flow (Applicable to T only) Segment ID

1. Surface description (table 3-1) ............

2. Manning's roughness coeff., n (table 3-1) ..

3. Flow length, L (total L £ 300 ft) .......... ft

4. Two-yr 24-hr rainfall, P, .................. in

5. Land slope, s .............................. ft/ft

c P °'5 e°<A C
V2 S

Shallow concentrated flow Segment ID

7. Surface description (paved or unpaved) .....

8. Flow length, L ............................. ft

9. Watercourse slope, s ....................... ft/ft

10. Average velocity, V (figure 3-1) ........... ft/s

ll* Tt " 36QQ Compute Tfc ...... hr
^ iq.8 H

Channel flow v » V / "!"• 9 Segment ID "prfgH
\q i ̂  ̂  p| —*~ *2r~) ~ T* 2

12. Cross sectional flow area, a .......r.1̂-..... ft

13. Wetted perimeter, py ...........Li'.̂....... ft
a [ \O

14. Hydraulic radius, r •— Compute r ..'...-.. ft
U

15. Chanr.al slope, a ......... .<?.• *-?J<̂ ..?....... ft/ft

16. Manning's roughness coeff., r. ..«'.
2/3 1/2

,7. V - U*9 r
n——5—— Compute V .tl'.lP. ft/s

18. Flow length, L ...... ̂l̂ .̂.Q............... ft

* r Compute Tr ...... hr

20. Watershed or eubarea T or ':' (add T in steps 6, 11, and 19}
C il t hr

(210-VI-TR-55, Second Ed., June 1986)



Worksheet 4: Graphical Peak Discharge method

Projecc

Location pg F ̂  Tf £"£/.!; /OrffO

.By

Checked

. Date

Date

Circle one: (J'resentjfDeveloped^

1. Da t a:

Drainage area ........

Runoff curve number .... CN

A - (9.OS75" mi2 (acres/640)
D ^——~—~^~^~~"

~7A (From worksheet 2)

Time of concentration .. TC - £.24 hr (From worksheet 3)

Rainfall distribution type
Pond and swamp areas spread
throughout watershed ......

(I, IA, II, III)

percent of A (_ acres or mi covered)

1
1
1
1
i
1

2. Frequency ..............

3. Rainfall, P (2A-hour) ..,

4. Initial abstraction, I
(Use CN with table 4-1.)

5. Compute I /P ............

In

in

f>. Unit peak discharge, q .... ;...S%....... csm/in
(Use T and I /P with exhibit 4- // )

C 3 ™

7. Runoff, Q ..........................
(From worksheet 2).

8. Pond and swamp adjustment factor, F
(Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
zero percent pond and swamp area.)

in

l.O

9. Peak discharge, q

(Where q - û'Sn0-1
cfs

Storm 11

zs
4

Stonn 112 Storm 03

0.703

0.17$

V2O

(.60

l.O

IOO.8O

*

1
1
1
1
1
1
1
1
1

(210-VI-TR-55, Second Ed., June 1986)

1
1
"1
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6LACIAL TILL > SILT WITH SAND, GRAVEL AND ROCK
FHAOMCNTS, OCCASSIONAL SANDY LENSES (0- 20 FT. )

MINE SPOIL AND FILL (0- 35 FT.)

1

1

J.

1

I
MERCER MEMBER: SILTSTONE AND SHALE WITH BEDS OF i
COAL, CLAYSTONE AND SANDSTONE , LENSES OF LIMESTONE
AND COAL ( IS • 39 FT.) *

SHARON MEMBER' SILTSTONE WITH LENSES OF
SILTY SANDSTONE, COAL AND OCCASSIONAL LIMESTONE,
SHALEY IN PLACES (CO + FT)

1

1

1

1

1

1

1

1

1

1

FIGURE I -6 4,
GENERALIZED STRATIGRAPHIC COLUMN
SUMMIT NATIONAL FS
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texture is given in apjK'ndix A for determining the
HSG classification for disturbed soils.

Cover type —

Table 2-2 addresses most cover types, such as
vegetation, bare soil, and impervious surfaces. There
are a number of methods for determining cover type.
The most common are field reconnaissance, aerial
photographs, and land use maps.

Treatment

1
IHydrolojrir condition

Hi/<iml(M/ic anitlilitin indicates the effects of cover ,
type ami treatment on infiltration and runoff and is I
generally estimated from density of plant and residue
cover on sample areas. Guixl hydrologic condition
indicates that the soil usually has a lo\v runoff
potential for that sj>ecific hydrologic soil group. coveJ*
type. ancHreatment. Some factors to consider in
estimating the effect of cover on infiltration and I
runoff are (a) canopy or density of lawns, crops, or J^
other vegetative areas: (b) amount of year-round
cover; (c) amount of grass or close-seeded legume? ir.
rotations: (d) percent of residue cover: and (e) degreiI
of surface roughness.

Treatment is a cover type modifier (used only in
table 2-2b) to describe the management of cultivated
agricultural lands. It includes mechanical practices,
such as contouring and terracing, and management
practices, such as crop rotations and reduced or no
tillage.

Table 2-1.— Runoff depth for selected CN's and rainfall amounts'

Runoff depth for curve number

Rainfall

1.0
12
1.4
1.6
1.8
2.0
2.5
3.0
3.5
4.0
4.5
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0

40

0.00
.00
.00
.00
.00
.00
.00
.00
.02
.06
.14
.24
.50
.84

1.25
1.71
2.23
2.78
3.38
4.00
4.65
5.33

45

0.00
.00
.00
.00
.00
.00
.00
.02
.08
.18
.30
.44
.80

1.24
1.74
2.29
2.89
3.52
4.19
4.89
5.62
6.36

50

0.00
.00
.00
.00
.00
.00
.02
.09
.20
.33
.50
.69

1.14
1.68
£25
2^8
3.56
4.20
5.00
5.70
6.55
7.35

55

0.00
.00
.00
.00
.00
.02
.08
.19
.35
.53
.74
.98

1.52
2.12
2.78
3.49
4.23
5.00
5.79
6.61
' M

8.29

60

O.GO
.00
.00
.01
.03
.06
.17
.33
.53
.76
1.02
1.30
1.92
2.60
3.33
4.10
4.90
5.72
6.56
7.42
8.30
9.19

65

0.00
.00
.02
.05
.09
.14
.30
.51
.75

1.03
1.33
1.65
2.35
3.10
3.89
4.72
5.56
6.43
7.32
8.21
9.12

70

0.00
.03
.06
.11
.17
24
.40
.71

1.01
1.33
1.67
2.04
2J51
3.62
4.46
5.33
6.22
7.13
8.05
SM
9.91

10.04 10.85

(O

0.03
.07
.13
.20
.29
.38
.f»5
.%

1.30
1.67
2.05
2.45
3.28
4.15
5.04 •
5.95
6.88
7.81
8.76
9.71

10,07
11. 03

of-

80

0.08
.15
.24
.34
.44
.50
-JS>

1.25
1.64
2.04
2.40

3.7s
4.69
5.03
6.57
7.52
8.48
9.45

10.42
',.39
12.37

S5

0.17
.27
.39
.52
.65
.80

1.18
1.59
2.02
2.40
2.91
3.37
4.30
5.25
fi.21
7.1.s
8.10
9.13

10.11
l l . ld
12.08
13.07

90

0.32
.46
.61
.70
.93

1.09
1.53
1.98
2.45
2.92
3.40
3.88
4.85
5.82
6.S1
7.79
8.78
9.77

10.70
11.70
12.75
13.74

95

0.50
.74
.92

1.11
1.2!'
1.48
1.90
2.45
2.94
3.43
3.92
4.42
5.41
0.41
7.411
8.4(1
9.4(1

10.39
11.39
12.:{J»
13.**-
14.*«

J.

i

—— 1

.1
.

0.7*1
.99*

1.1.*
1

1.5J-J*
1.77
2 - 7 ,
2.77 1
3 -7**
3.77
4.20 1
4.70J,
5.7<i
0.70
7.70
N70-*
!l.70

10.70 I
11.70 1
12.71.
13.70
14.70

'Interpolate the values shown to obtain runoff depths for CN's or rainfall amounts: i;- i shown.

(210-VI-TR-55. Second Ed., June 1986)



Table 2-2c.—Runoff curve numbers for other agricultural lands'

Cover (Inscription

Cover ty|w

Pasture, prassland. or range— continuous
forage for grazing.2

Meadow— continuous grass, protected from
grazing and generally mowed for hay.

Brush— brush-weed-pi-ass mixture with brush
the major element.3

Woods— prass combination (orchard
or tree farm).*

Woods.6

Farmsteads— buildings, lanes, driveways.
and surrounding lots.

Curve- numbers for
hyclmlnpic soil p j i i t i j i—

Hydrologic
condition

Poor
Fair
Good

—

Poor
Fair
Good

Pooi-
Fair
Good

Poor
Fair
Good

_

A

68
49
39

30

•48
35
«30

57
43
32

45
36
«30

59

B

79
69
fil

58

67
5G
48

73
Co
58

66
60
55

74

C

86
79
74

71

/ 1
70
65

82
76
72

77
73
70

82

1)

89
84
80

7*

N3
77
73

»;
82
79

S3
79
77

»>

'Average runoff condition, and I.. * OJJS.

*l'i*ir: <Wi cixiunil rover or heavily urazed with mi mulch.
Fuii" ill in 75'<r jrrouml cover and mil heavily grazed.
(itmtl: >~y-i jfii'und ciiver and lightly or only otx-isionally

(rniuml i-ovcr.
Fnir: -V» l«) 751* iriiiund oiver.
(***!: > ~y.i jm»uml iiiver.

4Aftiiiil i-tifVf iHinilH-r is less than •"«>: use C'N = '•'•!> for runofTrumputations.

H.'N"s slio»n wciv itimputeil fur urv:L< with •'><•'•* WINM|> and 'itf-i cniss (JKISIUIV) cuver. Other cumliinations of iimdiiioiis nuiy U' ttiiii|<uti-<i
from the C'N's for \vood.< and |Risture.

*l'i»,i. Koivst litter, small tree*, and brush :nv destmyed by heavy trrazint; or regular
/•>/., \VIMN|> a iv grazed but not liurned. and Mime AHVM litter tiivcrs the soil.
(«««/: \VIMM!S aiv pmleite<l from tmizint:. ami litter ami brush adequately i-over the s«iil.

(210-VI-TR-55, Second Ed., June 1986) 2-7
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Chapter 4: Graphical Peak Discharge method

This chapter presents the Graphical Peak Discharge
method for computing peak discharge from rural and
urban areas. The Graphical method was developed
from hydrograph analyses using TR-20, "Computer
Program for Project Formulation—Hydrology" (SCS
1983). The peak discharge equation used is

4-1]

where

qp = peak discharge (cfs):
qu = unit peak discharge (csm/in):

Am = drainage area (mi2):
Q = j-unoff (in); and

Fp = pond and swamp adjustment factor.

The input requirements for the Graphical method are
as follows: (1) Tc (hr). (2) drainage area (mi2). (3)
appropriate rainfall distribution (I, IA, II, or III). (4)
24-hour rainfall (in), and (5) CN. If pond and swamp
areas are spread throughout the watershed and are
not considered in the Tc computation, an adjustment
for pond and swamp areas is also needed.

Peak discharge computation

For a selected rainfall frequency, the 24-hour rainfall
(P) is obtained from appendix B or more detailed
local precipitation maps. CN and total runoff (Q) for
the watershed are computed according to the
methods outlined in chapter 2. The CN is used to
determine the initial abstraction (I J from table 4-1.
Ia/P is then computed.

If the computed Ia/P ratio is outside the range shown
in exhibit 4 (4-1. 4-1A. 4-11. and 4-III) for the rainfall
distribution of interest, then the limiting value
should be used. If the ratio falls between the limiting
values, use linear interpolation. Figure 4-1 illustrates
the sensitivity of la/P to CN and P.

Peak discharge per square mile per inch of runoff
(qu) is obtained from exhibit 4-1, 4-1 A. 4-11. or 4-III
by using Tc (chapter 3), rainfall distribution type, and
Ia/P ratio. The pond and swamp adjustment factor is
obtained from table 4-2 (rounded to the nearest table
value). Use worksheet 4 in appendix D to aid in
computing the p-jak discharge using the Graphical
method.

Figure 4-1 .-Variation of I./P for I' and CN.

Table 4-1.—I. values for runoff curve numbers

Curve
number •

40
41
4-2
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
fiO
61
«2
63
64
65
IK;
61
(>*
G«i

• 1. .
- (in)

3.000
2.878
2.762
2.651
2.545
2.444
2.348
2^55
2.167
2.082
2.000
1.922
1.846
1.774
1.704
1.636
.571
.509
.44S
.390
.333
.279 '
.22(5
.175
.125
.077
.030

O.ilSo
0.1M1
0.899

Curve
number

70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88.
89
90
91
92
93
94
95
96
97
!«

"''•'-fin)

0.857
0.817
0.77S
0.740
0.703
0.667
0.632
0.597
0.564
0.532
0.500
0.469
0.439
0.410
0.381
0.353
0.326
0.299
0.273
0.247
0.222
0.1<*
0.174
0.151
0.12*
0.105
O.OS3
O.»i"-
0.04 1

(210-VI-TR-55, Second Ed.. June 1986) 4-1
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2.1.2 South Ditch Alignment of Cross-Section Design

Given

- peak discharge Qp = 80.0 cfs (based on Q25 = 60 cfs for Route 225 exist,

culvert design +20 cfs contingency);

- upstream invert elevation, approximately 200 feet below head wall

Elevation 1087.00;

- downstream invert elevation @ discharge to south impoundment,

Elevation 1085.70;

side slope 2:1;

- ditch slope s = 1:500; 0.002

- Manning coefficient n = 0.025 (earth ditches)

- ditch bottom width b = 8.0 feet

A = ^^x2.2 = 2758ft2

Wp = 16.9ft.
2.2? /^ A

R = 777-= 1.61Wp

1.49 x R 2/3 xS V2 1.49 x 1.61 f x V0.002
V = —————-————— = ————0^5———— = 3'68ft/s

check velocity by flow formula:

„ Q 80.0 _

11



i
Estimated velocities of 3.00 to 3.68 ft/sec, are within range of permissible

velocities for vegetated channels. < 5 ft/s. .

1
2.2 EAST DITCH DESIGN

1
2.2.1 Peak Discharge Calculations i

Date given and assumptions*

- rainfall event 24 hour with one in 25 years return period; rainfall inches 4; J.

- drainage area: 11 acres; i

- type of cover: soil cover - good pasture;

- hydrologic soil group: Mercer Pm, Group C I

- curve number: CN = 74, (Table 2.2)

1
Using Runoff Curve Number Method (TR-55) see attached pages, final peak i
discharge to be handled by east ditch is Qp = 25.84 cfs.

1
2.2.2 East Ditch Alignment and Cross-Section Design J.

Given

- peak discharge, Qp = 25.84 cfs; I

- upstream invert elevation @ Watson House, Elev. 1084.00;

- downstream invert elevation 1078.00; J.

- side slope 2:1; ,

i



ditch slope S = 1:500 = 0.002 (min.); (0.02 (max.)

Manning coefficient n = 0.035 (rip-rap lining)

ditch bottom width b = 3 ft.

Design for minimum slope S = 0.002

R =

V =

3.0>

A (3 + 9.0)0.5x1.5 _ 9
Wp~ 3 + 2x3.10 "9.20= 0.98

1.49xR2/3x51/2 1.49 x 0.982/3 x 0.0021/2
12 0.035

C T O £ i /= 1.88 ft/s

check velocity by flow formula:

Check velocity for maximum slope S = 0.02

A (4.0 + 3)0.5x1.0 _5__
K = Wp~ 3 + 2x2.10 =7.2-a7°

1.49 x 0.702/3 x V0.02
V " ————0035 ——=4-74 ft/s

check velocity by flow formula:

? ,•*—•—*-

-/

13



Q 25.84v = A=To-
Estimated velocities of 1.88, 2.87, 4.74 and 5.17 ft/s are within range of

permissible velocities for rip rap lining.

Rip rap size: (Highway Research Report No. 108)

= 12(118xQxSb13/6R/Wp)2/5 =

12 (118 x 25.84 xO^S/Sx 0.70/7.2)2/5 = 3.94"

Rip rap gradation range: Assume DSO = 4 in

2.0x4
1.6x4
1.0x4
0.5x4

8" - 100%
6" - 85%
4" - 50%
2" - 15% J

'Percent of total weight smaller than the given size

Rip rap lining thickness shall be of at least two times the DSO (filter layer is

used).

Rip rap layer thickness = 2 x DSO = 2x4 = 8 inches

Filter layer - assume/select granular material - coarse aggregate Ohio

DOT 703-1, size No. 6:

1"0 - 100%
3/4" 0-90-100%
1/2" 0 - 20-55%
3/8"0 - 0 - 15%
No. 4 - 0-5%

finer by weight

14

i

i
I
I
1
1
1
1
I
1
1
1
1
1
1
1
1
I
1



Check filter criteria:

Dl5 rip rap PIS rip rap
L d85 filter <5< d85filter <4U

f\ II f) tt

o /4» < 5 < o/Q" 2.66 < 5 < 5.33 O.K.

DSQ rip rap 4"
dso filter <40 = 8<400.K.

Filter layer thickness = 6 inches.

Proposed geotextile: Filter fabric EOS = No. 70-100 US Standard Sieve.

15



Worksheet 2: Runoff curve number and runoff

fe./rg

Location /£?Hf.Q

Circle one: present 'evelop!Th>

By ____ Date VOU / ?/

Checked ____ Date ______

DITCH

1. Runoff curve number (CN)

Soil name
and

hydrologic
group

(appendix A)

MEKCJBR.

Cover description

(cover type, treatment, and
hydrologic condition;
percent Impervious;

unconnected/connected Impervious
area ratio)

£OQD PfrsruR£-

•

CN^
1-4

1
CM

0

X«

7A

'-

PIi
C*

CO
•H
b.

•»
<M

•

60
•>H
(b

U Use only one CN source per line. Totals -

Area

fcacres
Drai2

D2

I I

Product
of

CN x area

814

«H
CN (weighted)

2. Runoff

total product
total area I I

Use CN -

Frequency .............................. yr

Rainfall, P (24-hour) .................. in

Runoff, Q .............................. in
(Use P and CN with table 2-1, fig. 2-1,
or eqs. 2-3 and 2-4.)

Storm 11

£5-
A
1.60

Storm 92 Storm '3

(21Q-VI-TR-55, Second Ed., June 1986)
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Vorksheet 3: Time of concentration (Tc) »r travel time (Tt)

Project 6 ATE.
Location Checked

Dace

Dace

Circle one:
Circle one: TC T{ through subarea __ ______________ '_ _________

NOTES: Space for as many as two segments per flow type can be used for each
worksheet .
Include a oap, schematic, or description of flow segments.

Sheet flow (Applicable to T only) Segment ID

1. Surface description (table 3-1) ............

2. Manning's roughness coeff., n (table 3-1) ..

3. Flow length, L (total L ̂  300 ft) .......... ft

4. Two-yr 24-hr rainfall, PZ .................. In

5. Land slope, s .............................. ft/ft
•*. 0» 007 (nL.) ^ T v6* T • ••"• j. c f\ / Conpute T^ •••••• nr

P2 * S '
Shallow concentrated flow Segment ID PITCH

U/kJRAUC
7. Surface description (paved or unpaved) ..... _____

8. Flow length, L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ft oQO

9. Watercourse slope, s . . . . . . . . . . . . . . . . . . . . . . . f t / f t QO2.
(-> O

10. Average velocity, V (figure 3-1) ........... ft/s *"**

11. ̂ -3^ Co«puteTt ...... hr O^L

Channel flow Segment ID

12. Cross sectional flow area, a ............... ft

13. Wetted perimeter, pu ....................... ft

14. Hydraulic radius, r -— Compute r ....... ft

15. Channel slope, s ........................... ft/ft

16. Manning's roughness coeff., n ..............
1 49 r2/3 s172

17. V - ' * ——-—— Compute V ....... f t / s

18. Flow length, L ............................. ft

19- T t '36uT~V Compute Tf ...... hr

20. Watershed or subarea T or V. (add 7 in steps 6, 11, and 19} . . . . . . . hr O.iO

(210-VI-TR-55, Second Ed., June 1986)



Project

Location

Worksheet 4: Graphical Peak Discharge method

BY - Date M^ ' faI

Checked Date

Circle one: /Tresej

1. Data:

Drainage area .......... AQ - QOrf «* (acres/640)

Runoff curve number .... CN - 7A (From worksheet 2)
Time of concentration .. ̂ c D-iO hr (From worksheet 3)
Rainfall distribution type //____ (I, IA, II, III)

Pond and swamp areas spread 2
throughout watershed ...... - _______ percent of Am (___ acres or mi covered)

Storm II Storm 92 Storm 03

952. Frequency ............................... yr _*•—'

3. Rainfall, P (24-hour) ................... in "H

4. Initial abstraction, I ................. in
(Use CN with table 4-1.)

5. Compute I /P ............................

6. Unit peak discharge, q ......... .̂...... csm/in
(Use T and I /P with exhibit 4- [< )C a -̂ Ĥ — __

7. Runoff, Q ............................... in I«6O
(From worksheet 2).

8. Pond and swamp adjustment factor, F _______
(Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
zero percent pond and swamp area.)

9. Peak discharge, q ...................... cfs xO^OH

(Where q_ * q A QF )P U (9 p

(210-VI-TR-55, Second Ed., June 1986)
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3.0 SITE COVER

3.1 PERMEABLE SITE COVER DESIGN

Data given and assumptions:

- required permeability 1 x 10-4 cm/sec or less;

- maximum aggregate size shall be 2 inches;

Check DIQ criterion for given permeability:

Hazen formula K - 0.01 x

K - soil permeability m/s = 0.000001 m/s

DIO - particle size in mm, corresponding to 10% passing by

weight (on particles distribution curve)

/ ^ r-x * / 0.000001(mm) DIO = y Q01 = 0.01 mm,

10% by weight shall be particle size of 0.01 mm or smaller.

Check permeability versus type of soil criterion:

required permeability of soil K = 10"4 cm/s = 6.6 gal/day/ft2 or less

According to Table V-l, sandy loam soil type, having permeability of 1 gpd/ft2

should be considered as a basic soil type, for cover material application.

16



TABLE V-1 APPROXIMATE COEFFICIENTS
OF PERMEABILITY

Approximate Partlda Size and FermeaoiMy of Various Soils

Material
Clay
Silt
Very fine aand
Fine sand
Medium aand
Coarse sand

Particle aize,*
mm

OL0001*0.-OfJff
flJOOMOS
0454.10
0,10425
0254150
0504.00

Approximate
permeability.

OPd/aqft
10«to104
10* to 10
10 to 50

5010250
250 to 1,000

1,000 to 15̂ 00
*1 mm * (X03937ln.

Soil Typaa <US. Bureau of Solla)

Material
Clay
Sllty clay
Sandy clay
Sllty clay loam
Clay loam
Sandy clay loam
Silt loam
Loam
Sandy loam
Sand

Clay^
peccant
30-100
3040
3040
2000
2030
2030
020
020
020
040

8Mt,_
percent

(WO
50-70
040

50*)
2060
040

50-100
30-60
040
040

Sand.
percent

040
040

50-70
040

2040
9040
040

3040
5040
80-100

Approximate
permeability,

Qpd/ao ft
10*
10*
10*
10*
10*
10*
ID-'
10-'
1

Over 10
(To convert from gpd/aq. ft to mWa/ma multiply by 44J83 957 x 10-12)
Source: Unaley. ft K. and J. B. Franzml, Wafer Retourcn Engineering,

McGraw-HIII Book Co. New York, N.Yn 1972.
1
I
1
!
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Table 2.2 Range of Values of Hydraulic Conductivity
and Permeability

Rocks Unconsolidoted k k K K K
deposits (dorcy) (cm2) (cm/s) (m/s) (gol/doy/ft2)

rl05 r-10'3 r102 [-1

0
o

1
Co
41

2 1
y ^
Cp-1> •=

T 5 0 S »
ID C -. m «l
2. *- w ̂  4A
3 a £•= tti at
o«-§I S 5
2 O' ̂ % *~ •-

_j C tOo
CO =

=
T3 .2
41 >•• O

1 HoJ
•o gg

ifir*
^J o*

-IO4

-IO3

-102

•10

• 1

•Iff-1

ID'2

ID'3

io-4

io-5

io-6

io-7

to-8

-io-4

-io-s

-io-6

-io-7

-io-8

-io-9

Iff*

io-'

ID"2

IO"3

IO"4

ID'15

io-6

- to

-1

-to"

-ID'2

-ID'3

-io-4

ID'5

io-6

io-7

ID'8

ID'9

io-10

10-"

_<n6
-to"

-io-2

-io-3

-ID"4

-io-5

-io-6

-ID'7

io-8

io-9

10"°

io-11

10-2

io-13

-IO5

•10"

-IO3

-102

•10

- 1

•10"

10'2

ID'3

io-4

io-5

io-6

io-
Table 2.3 Conversion Factors for Permeability

and Hydraulic Conductivity Units

Permeability, k9 Hydraulic conductivity. K

cm* ft* darcy m/i ft/s U.S. gai/day/tt»

cm2

ft*
darcy
nvs
ft/s

1 1.08 x 10-' 1.01 x 10« 9.80 x IO1 3.22 x IO3 1.85 x 10'
9.29 x 10» 1 9.42 x 10'° 9.11 x 10' 2.99 x 10* 1.71 x 10"
9.87xlO-» 1.06x10-" 1 9.66xlO-« 3 . 1 7 x 1 0 - ' 1 .82x10 '
1.02 x 10-' 1.10 x 10-* 1.04 x 10' 1 3.28
3.11 x 10-« 3.35 x ID"7 3.15 x 10* 3.05 x 10-i 1

U.S. gaJ/day/ftJ5.42 x 10"i« ,5.83 x IO->» 5.49 x 10-' 4.72 x 10~7 1.55 x 10'

2.12 x 10*
6.46 x 10'

1

•To obtain k in ft1, multiply * in cm2 by 1.08 x 10~].
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(%)sand
(2 mm - 0.05 mm)

70.

100,
0

(%)day
40(<0.005mm)

10 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 100
(%)*«

(0.05 mm - 0.005 mm)

Textural Classification Chart
(U.S. Bureau of Soils Classification)

Textural
Classification

(%)Clay (%)Sand

1 Sand

2 Sandy Loam
3 Loam

4 Silty Loam
5 Silt

6 Silty Clay Loam

7 Clay Loam

0-20

0-20

0-20

0-20

0-20

0-50

30-50

50-80

0-20 80-100

20-30 50-80

20-30 20 - 50

8 Sandy Clay Loam 20-30 0-30

9 Sandy Clay

10 Silty Clay

11 Light Clay

12 Medium Clay

13 Heavy Clay

30-50 0-20

30-50 50-70

30-50 0-50

50-70 0-50

70-100 0-30

80-100

50-80

30-50

0-50

0-20

0-30

20-50

50-80

50-70

0-20

0-50

0-50

0-30
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The following gradation for soil cover material is proposed (see particle size

distribution curve):

Clay

Silt

Sand

Gravel

10%

30%

50%

10%

Conclusion:

Proposed soil gradation for soil cover material shall be sandy loam type and

shall have permeability of 1 x 10"̂  or less.

3.2 SITE COVER VEGETATION - SPECIFICATION

items:

Site cover vegetation work will include the following

Topsoil: loam soil, non-swelling, compactible material with permeability
of 1 x 10-4 cm/sec.

Topsoil will be free from subsoil, roots, weeds, vegetation, toxic
materials and debris.

Topsoil shall be free of lumps and stones exceeding 1 inch in any
dimension.

Topsoil shall have pH ranging from 6 to 7.

Fertilizer: Minimum 65% insoluble nitrogen, formulation ratio 10-20-20,
rate shall be 300 Ibs/acre.

17
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Lime: Shall be agricultural ground limestone containing minimum
85% of total carbonates grades as follows:

% Passing by Weight Sieve Size

90% No. 18
50% No. 120

Grass Seed: Minimum germination of 75% and minimum purity of 97%.

Gross Mixture: 60% Kentucky Bluegrass
30% Creeping Red Fescue
10% Perennial Ryegrass

Seed Rate: 135 Ib/acre

3.3 EVALUATE EROSION POTENTIAL

The USDA universal soil loss equation: A = R K L S C P

A - average annual soil loss, in tons/acre

R - rainfall and runoff erosivity index for Ohio = 150

K - soil credibility factor, tons/acre = 0.34 for loam soil type with 2%

organic matter content

LS - slope length and steepness factor
LS = (0.34x0.71+35x1.29)0.5 = 2.38
based on two slope segments:
600 ft @ 2%
80 ft @ 20% (1:5)

C - cover management factor 0.01 (meadow, moderate productivity level)

P - practice factor = 1.0, no support practice

18



A - 150xO.34x2.38xO.01xl = 1.21 tons/acre

less than maximum allowed of 2 tons/acre ,

L
3.4 ACCESS ROAD DESIGN

Given and assumptions: L
- subgrade strength, CBR value between 0.5 to 0.75 (easily penetrated soil to I

penetrated with pressure, when saturated);

- 5,000-lb wheel load traffic (generally applies to cars and light trucks);

- filter fabric strength of 200 Ibs (tensile strength); ,

- design based on conservative approach: ^*

- required thickness of compacted aggregate will be not reduced due to filter I

fabric use.

1
According to Aggregate Depth Curve (see attached), required thickness of

compacted aggregate, for conditions as above, will be of 12 inches *-

approximate. I

Proposed granular material size: I

Screen Size % Passing by Weight L

2 in 100
1 in 70-90

3/4 in 50-80
#4 30 - 55

#200 3-10

19
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Aggregate Selection
To properly select fill depth, three conditions must be
examined.
1. Soil strength. Soil values should be assessed at
maximum water saturation. Soaking the test point for
24 hours may be necessary for more accurate readings.
The-recommended methods, cone penetrometerorvane
shear, are reliable and efficient
2. Effective contact pressure is generally that of tire
pressure.
3. Maximum axle load. Having determined the values,
one may select aggregate depth required subject to the
type of fill material used. See adjacent charts.

Aggregate Depth Curve



ATTACHMENT 1

MECHANICAL COMPONENTS

GROUNDWATER EXTRACTION SYSTEM



Mechanical Components
Reference No. 2 5 72 - £0
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PIPE MATERIAL SPECIFICATIONS:
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EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

EQUIPMENT NO.

NAME

LOCATION

SS1-P1

EXTRACTION WELL SUBMERSIBLE PUMPS

EXTRACTION WELLS

MANUFACTURER Grundfos Pump Corporation

DISTRIBUTOR

DESCRIPTION

MAINTENANCE

COMPONENT PARTS

Central Pump
Davton. Ohio
513-890-1206

Model 5E8:1/3 HP: 3 wire Motor: 230 Volts:
single phase: built in check valve______

SPARE PARTS



Redi-Flo
Environmental

Submersible Pumps

Submittal Data 3450 RPM 60 Cycle,J
1
1
1
1
1
1
I

JOB or CUSTOMER:

ENGINEER:

CONTRACTOR:
SUBMITTED BY: DATE:

APPROVED BY: DATE:
ORDER NO.: DATE:

SPECIFICATION REF.:

Dimensions
•Irl.

Technical Data
FLOW RANGE: 1.2 10 7 US GPM

MOTORS: Grundfoe MS402E Environmental Submersible Motor (Standard)
Maximum Operating Tmnperatm: 1<M*F (40-C)
Maxbnmn Operating Fracture: 220 PSI
Maximum Numlnr rt Marti Per Honn 100
Minimum RMammBMlid Flaw Past Motor 0.25 (fsec
(NOTE: Franklin Pollution Recovery motor Is optional.)

DISCHARGE SIZE: 1" NPT
PUMP END CONSTRUCTION MATERIALS: Stainless Steal and Teflon*
INSTALLATION: Unit to be Installed vertically for submerged operation.

1

Electrical Data, Dimensions, and Weights

<3> oaia for Orundtos MS402E motor*. $ Does not mducfe motor leads.

1
1
I



Performance Curves

2 3 4 5
CAPACITY (GPM)

Materials of Construction

5E
Redi-Flo Environmental Pump

I

REOI-FLO PUMP END

Check Valvo
;pheoicvalvcis«at.
DiffuserClwimhHr

Irrpelier
Syctlon Nttoonnvctor
Inlet Screen
.•Pump Shaft*
Coupling
6traj)6 r-
Cable Guard
Prtmlnglnduoef

armotiiale DearitKjs

3CH Stainless Sleel
304 Sttbleu 3||«l iTtflon*
304 Stainless Steel

304 Stainles
304SttOnl«6« Steel
304 Stainless Steol

329/420/431 Stainless Stool
304 SttMitw Steel • .•:..
304 SminioKs Steel
304 SUlnlow steel
Toflon*

Specrficaiiont ara kuj/*«:t to ct^angc withoul rtouct*.

GRUNOFOS ENVIRONMENTAL MOTOR

Studs &Fastennnj
Ntrt» ;̂̂ ^^
S«ndSlln0er
flhtfl&lfNlW^
Diaphragm
«Wor«<xtUnlB.(? -/
Fill Plug {Screw

GRUNDFOS ENVIRONMENTAL MOTOR LEADS

ConnoctorPoning

GonnectorPluo i
Lead Insulation

Scotch Guard *3» EJpoxy
w/Viton»Cap

Grundfos Pumps Corp / ?555 Clevis Awfl. / dovis. CA 93612 / (209) 292-8000
"BF-TL-OOS"

PRINTED IN U~.vA



EQUIPMENT NO.

NAME

LOCATION

MANUFACTURER

DISTRIBUTOR

DESCRIPTION

MAINTENANCE

EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

SS1-X1

COMPONENT PARTS

SPARE PARTS

I

1
1

EXTRACTION WELL PITILESS ADAPTERS

EXTRACTION WELLS

Maas - Division of 5tirinak
Engineering and Manufacturing. Inc.

Muskego Industrial Park______________
S82 W19246 Apollo Drivg______________
Muskego. Wl 53150__________________
414-679-3922________________________

Model-T Weld on Type. Drop Pipe Size 1 in. Dia.
for 8 in. well casing_________________

1
i
1
1
I
i

1

I

I



MAASS PITLESS ADAPTER!
— A full range of weld-on adapters from 1 to 4 inch<

P/4"

I'/a"

WISCONSIN STATE APPROVED
MICHIGAN STATE APPROVED

PATENTED

MAASS MODEL J PITLESSE5
ARE SANITARY AND EASY TO SERVICE

Recommend to your customers the Maass Model J pitlesses — units create easy well
service for you because they are manufactured only of RUST-PROOF materials and
designed to eliminate all obstructions in well casing. Pump is easy to pull because of
non-rusting components. Water contacts only 304 stainless steel and bronze to COM-
PLETELY ELIMINATE ANY RUST and/or ELECTROLYSIS. The Maass pitless connection <
sealed by using a bronze 8 degree nan-locking taper wedge with O-ring force
against 304 non-magnetic stainless steel flanged nipple pressed into steel housing
and welded on outer side. Model J Pitless Adapter is non-pressure lifting and is de-
signed for deep wells, higher working pressures, and where plastic pipe is used and
high water levels. No lock necessary. Stock only two 1-inch outlet size Maass Model
J pitlesses to fit all well casing sizes. Pitless steel housing is permanently installed by
welding onto well casing.

MODEL JJ WELD-ON UNITS

MODEL J

MODEL JJ models below are for
suction pumps. Lateral can be
pressurized to meet state codes.

WELL
CASING

SIZE
4"-5"

6".7"-8"

4".5"

6"-7"-8"

MODEL
JJ

JJ

JJ

JJ

WATER
OUTLET ft
DROP PIPE

SIZE
1" outlet
2" lateral
1" outlet
2" lateral
1>/4" outlet
2" lateral
1 '/*" outlet
2" lateral

WELL
CASING

SIZE
4".5"
4"-5"
4"-5"
5" '

6"-7"-8"
6"-7"-8"
6"-7"-8"
6"-7"-8"
6"-7"-8"

8"- 10"- 12"
10"- 12"

MODEL
J
J
J
J
J
J
J
J
J
J
J

WATER
OUTLET ft

DROP PIPE
SIZE
1"
I'.:!-
P/2"

2"
I'-
ll.*"
i '/y
2"
2'-j"
3"
4"

APPROXIMATE
WEIGHT

6*
7*
8.5*
12*
6*
7#
8.5*
12»
18*
32*
50*

MODEL JJ

SEE YOUR DISTRIBUTOR OR REPRESENTATIVE
FOR ADDITIONAL INFORMATION

Division of Sunnik fn<tinffr<mj 1 M.inu?*t-ti*r"«}.

MUSKEGO rid' "'I P lAL
S82 VV197-KS /-ooiir Drive

Mutton. '.VI 53150
1.11/1- r,~n 3922



EQUIPMENT NO.

NAME

LOCATION

EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

SS1-V2

i
I

EXTRACTION WELL GATE VALVES

EXTRACTION WELLS

MANUFACTURER Watts Regulator Company

DISTRIBUTOR

DESCRIPTION

MAINTENANCE

COMPONENT PARTS

SPARE PARTS

Disnev-McLane Inc.
2704 Colerain Ave.
Cincinnati. Ohio
513-541-1682

Series WGV. brass body, threaded connections.
1 in. dia.______________________

1
I
I
i
1
1
I
I
1

J
1



bronze and brass gate valves
Complies with Federal Specification WW-V-54,

Type I. Class A. 85-5-5-5 construction

Series FGV-1
Federal Specification MSS SP-80
Inside screw bonnet, NRS, solid disc

Designed for continuous service
on steem, water, oil end gas in
either the open or fully-closed
position. They are ideally suited
for areas where spece is a premium.
Virgin PTFE packing and a gland
follower. ASTM B62 body, stem
end disc. Threaded IPS connections.
Pressure rating: 200 WOG
Steam rating: 125 W.SJ*.

Hi.
FGV-1. FGVS-t*
FGV-1. FGVS-1*
FGV-1, FGVS-1*
FGV-1, FGVS-1*
FGV-1, FGVS-1*
FGV-1. FGVS-f
FGV-1, FGVS-1*
FGV-1. FGVS-1*

Stat
1/4"
»/•"
1/J"
a/4"
r

1V4"
Via"r

Dint
A

1.66
1.66
1J6
US
2.4Suo
2.77
2.96

mnm(
•

3J»
3J15
3.28
332
4.46
5.24
5.59
6.38

•dm)
C

1J6
1.88
2.44
2.75
2.7S
3.35
3.74
4.13

Hn
otv.
120
120
96
46
42
24
15
10

M Carton
VMvht (Iks.)

60
60
74
62
74
64
46
45

•FGVS-1 solder end connections

For Additional Information, send for F-BBV, GV,CV

Series FGV-UB
Federal Specification MSS SP-80
Union bonnet, rising stem, solid disc
Desigrwd for continuous service
on slum, iMttr, oil and gas in
either thi open or fully-cloMd
position. Thiy tfford fm flow
with minimum pressure drop.
The union bonnet provides for
quick valve disassembly for inspec-
tion and repair plus it reinforces
tht body to protect against vibra-
tion and pipeline strain. Virgin
PTFE packing and • gland follower.
Pressure rating: 300 WOG
Steam rating: 150W.S.P.

N«. Sin
Dinwuiim (1
A I 1

ictas)
C

MnmrCmm
Qty. |«Mfkl(lfatJ

TkfMM IPS CMMCIIMS
F6V4JI
FGV-UI
FGV-U1
F6V-UI
FGV-UI
F6V-OI
FGV-UI
FGV-UB

1/4"
a/a"i/a"
3/4"

1"
11/4"
11/2"r

1.75
1.75
2.13
2.24
2.62
2J7
3.13
352

4.13
4.13
5.00
6.10
7JB
|j62

10.04
12.13

1.88
1J8
2.44
2.75
2.75
3.35
3.74
4.13

120
120
96
tt
42
24
15
10

60
60
74
62
74
64
46
45

For Additional Information, send for F-BBV, GV, CV

Series GV, GVS
Bronze Gste Valves
For Water and Steam Service

*

Full rating for broad application.
125 WSP, 200 psi WOG.
Series 6V have IPS threaded connections in
sizes %"• 4".
Series GVS have CxC sweat connections in
sizes V»"- 3".
• Screw-in bonnet
• 85-5-5-5 bronze body

Silt
1/4"
3/8"
1/2"
3/4"

1"
11/4"
1V2"

2"
2V2"

3"
4"

/
GV
15/8
IS/8
13/4

1 1S/18
2Vs
23/8
2V2
2*/8
3V2

318/18
43/4

01
\

GVS
—
13/4
13/4
23/8

213/16
3

33/8
4

4V2
53/16

—

MENSK

GV
3

33/16
33/8
39/8

4'/16
5

53/8
6V2

8
93/16
103/4

INS (Ind
1

GVS
-

33/8
33/8
3S/8

47/16
5

57/16
6V2

8S/16
93/16
-

MS)
C

GV
1 1S/16
1tS/16
23/16
23/8

29/16
23/4
3V8

3«/16
49/16

41S/W
53/4

•

GVS
-
2Vs
2Vs
23/a

2»/w
23/4

3Vs
3Va
43/8

*iVw
-

Wiifli
6V
0.62
0.62
0.71
0.93
U
2.0
2.7
3.4
6.4
9J

18.0

tflbsj
6VS

_
0.62
0^2
QM
1.15
1.72
US
3.53
5J5
8.82

Series WGV, WGVS
Brass Gate Valves

Rating: 200 psi WOG
Series WOV have IPS threaded connections
in sizes %"- 4".
Series WGVS have CxC sweat connections
in sizes tt"- 2".

Sbe

H
K

> '
IX
IK
2

2)4
3
4

DIMENSIONS (Inches)

WGV WGVS
13/4

2i /e
23/8
23/8

3V2
3'/a
43/4

2Va
23/4
3
31/2
4V4

WGV

4i/a
41/2
53/8
6
73/4
fit

WGVS
3
3i/2
4
4V2
51 It
6

WOV WGVS
2Ve
2i/e
23/a
2V2
23/4
3V4
4
47/16

Si/a

2i/e
2i/a
23/a
23/4

23/4
3i/4

Weight (Ibs.)
WGV WGVS

.82
1.1
1.37
2
3
6.25
7.75

13.50

.58

.80
1.
1.33
2
3

For Additional Information, send for F-3BV-'GV-'CV.

For Additional Information, send for S-WGV.

(I) International Product
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EQUIPMENT NO.

NAME

LOCATION

EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

SS1-X3

EXTRACTION WELL ELECTRODES

EXTRACTION WELLS

MANUFACTURER Magnetek Controls. B/W Controls

DISTRIBUTOR

DESCRIPTION

MAINTENANCE

COMPONENT PARTS

SPARE PARTS

Nelcor Inc.
5169 Wooster Pike
Cincinnati. Ohio 45226
513-871-2816

I
1
i
I

Wire suspension electrode
Type E-1S with shield, brass material complete
with cord grip electrode holder. Type SW suspension
wire and 1500 series induction relay__________ I

i
I

1
1
I
1
1



SECTION
6012 &
6013

PAGE 12

ELECTRODE HOLDERS
AND ELECTRODES

MagneTek Controls
'B/W Controls

WIRE SUSPENSION ELECTRODES
WIRE CONNECTOR: This adapter is neces-
sary to attach the Type SW suspension wire to
the V«-20 female electrode holder connec-
tions. One is required for each wire suspen-
sion electrode used with electrode plugs, and
Type E and Type AE-2 holders. See pages 6 &
7.

CATALOG NUMBER
6013———C———BR

E-1P E-1P
WITH SHIELD LESS SHIELD

E-1P
CUTAWAY

E-tS 13464700
WTTH8MELD

PLUG WITH
CONNECTOR

Material
Brass

Old No. 12-038400
303 SS

OkJ No. 12-043800

I
BR

SS

LIST
PRICE

$3.80

$6.80

Wire suspension electrodes are designed for
use in applications requiring long lengths, or
where limited head room prevents i
of solid rod electrodes. They can be used with
all holders except Type CE-2 & 3. Electrode
Types E-1P and E-1 S are for use in water and
non-corrosive liquids. Type 13-064700 is de-
signed for concave liquids and is available wtth
a variety of rod materials. Types E-1P and
E-1S electrodes with molded plastic shields can
be used at temperatures up to 150*F and other
electrodes up to 190T.
Type E-1 P-ShMded: This electrode is approx-
imatery 4" long and assembled in a molded
plastic insulating shield 1 7/16" In Diameter.
Designed for general purpose use. It is Ideal
for elevated tanks, sewage pumping stations,
and deep well installations.
6013—W1

Type E-1P — Less Shield: This electrode is
intended for appycations where space pre-
vents the use of other electrodes and where
vertical spacing between electrodes is 4" or
more.

C=D> 1VP* E-18-Shlelded: A 2* long electrode as-
sembled In a molded plastic shield 9/16" in
diameter. Ideal for use in submersible pump
installations and other applications where little
clearance is provided tor installation.
Type 13-064700: This electrode is intended for
corrosive liquids. It is 3" long made from a V4"
diameter rod and available in any of the mate-
rials listed below. The type SW wire is
attached at the factory and the connection is
completely sealed with PVC and bonded to
the insulation of the SW wire.

cf> Type SW Suspension Wire: Designed to pro-
vide maximum strength and insulation. Type
SW wire should always be used with BIW wire
suspension electrodes to assure that a water-
tight seal is accomplished by the packing in
the electrode. The wire is single conductor 18
gauge, 41 strand copper with 4/64" vinyl insu-
lation.

CATALOG NUMBER
6013—SW—10

CATALOG
SECTION

I
W1
W2
W3
W4
W5
we

ELECTRODE
TYPE

E-1P With Shield
E-1P Wtth Shield
E-1P Less Shield
E-1P Less Shield
E-1S Wtth Shield
E-1S Wtth Shield

ELECTRODE
MATERIAL

Brass
303 Stainless
Brass
303 Stainless
Brass
303 Stainless

OLD
PART NO.
13-020600
13-020700
13452700
13-052600
13-022000
13-024300

LIST
PRICE
$11.80
17 JO
4M
9M

10.00
13JO

I
SfMcriy Length
InFMt
OkJ No. 01-130500

| LIST
PRICE
$0.60
peril

These electrodes are field assembled and
the required amount of Type SW wire must
be ordered as a separate item. See above.

NOTE — When wire suspension electrodes are
to be used with electrode plugs, or
Type E or Type AE-2 electrode hol-
ders, wire connectors must also be
ordered for each electrode. See
above.

_ 6013—\

CATALOG
__ SECTION

|
W7
wa
WS
W10
W11
W12

W13

ELECTRODE
TYPE

13-064700 Wtth SW Wire
13-064700 Wtth SW Wire
13464700 With SW Wire
13464700 Wtth SW Wire
13464700 With SW Wire
13464700 With SW Wire
13464700 Wtth SW Wire

ELECTRODE
MATERIAL

316 Stainless
Monei
Nickel
Carpenter 20
HasteKoyB
HasteUoyC
Titanium

OLD
PART NO.
13464702
13464703
13464704
13464705
13464707
13464706
13464709

LIST
PRICE
$48.00
50.00
50.00
49.00
62.00
58.00
5840

•10

L
Type SW Wire
Length In Feet

UST
PRICE

ADO
$.60 per ft

These electrodes come complete with the
Type SW wire permanently attached to the
electrode. Lengths must be specified when
ordering.

MagneTek Controls
B/W Controls

1080 N. Crook* Rd.. Ctew*on. Michigan 48017-1097
Phone: 313 435 0700 EatyLmk: 628 32092
Fax: 313 2801544 1<Mex:235359

DISCOUNT SCHEDULE LL1
PnO9S Stlb̂ Cl tO CtlMlQt WtttMMM



SECTION
6012 &
6013

PAGE 10

ELECTRODE HOLDERS
AND ELECTRODES

Magnefek Controls
B/W Controls

i

I

1

1

I

1

1

1

1

MOLDED ELECTRODE HOLDERS
Type CE-2 & CE-3 Holders - These small holders
are primarily for use in original equipment applica-
tions where available space is limited and where
desired level control can be obtained with two or
three short solid rod electrodes. They are furnished
with a flexible PVC water-tight cover to protect lead
wire junctions.
A choice of two thermoplastic materials is available
with ratings as shown below. Pressure seal is ac-
complished with a Buna N gasket included with
each holder. They have 303SS studs with 6-32 male
thread for electrode connections.

TypoCE-lHoMir
For 2 Mod CtoctrodM

CATALOG NUMBER
6012 — CE2B

Houa
MATBOAL

Nylon

MAXIMUM MTMQS

200 pri«200*F (93»C)
350*f (t77*C)QO pal

1--14 StnlgM M«rt»m« Thmd

CATALOG NUMBER
6012 — CE3B

CE3B
CON

Butynte
Nylon

DM Part

12-073500
12-082700

LOT
PUKE
84.06
43.06

NOTE: Th« raqurad iyp» 68 rod •McffodM mat b* ocdmd n MpiraM Mm.
SM Ctutog Sue** 6013 pm* 13. Mumum mamnwndid Can rod

Not •vcJUbto to •*•

Type AE-2 Holders - Molded of ABS corrosion-
resistant thermoplastic material, these holders are
ideal for use in applications involving control of
many corrosive liquids. Designed to permit the use
of either two solid rod or two wire suspension elec-
trodes, they are supplied with flexible PVC water-
tight covers to protect the lead wire junctions.
They have 303SS couplings with V*-2Q female
thread for electrode connections.

TYPE AE-2 HOLDER

For 2 Bod or Wb*
Suspension CtoctredM

Catalog No. 6012-AE2
Ok) Part No. 12-034500

UST

Type AE-2
with rod 250eaJ(g100»r-(38*C)

180*f (K*Q 9 0 Ptl

NOTE:Ttonqund<
Sotton 8013 lor Monrnkon.
Rod EtaBadM - IVp* A radi
«*• Swpwwon EtocnoaM
«m BMpmton •taarat*. HI

•• uMd M* pagt 13.
• A wnfli) connector is fflQuvsd tot ••cti i

1CONDUIT ELECTRODE HOLDERS
Designed for use with BIW wire suspension
electrodes, these versatile low-cost holders
are recommended for underground drainage
sumps, septic dosing tanks, open sumps and
similar applications. Available in cadmium
plated cast iron for general purpose applica-
tions, or rigid polyvinyl chloride for corrosive
situations.
These holders are mounted by attaching to a
length of standard conduit extending over the
liquid being controlled. They have grommets
for each wire suspension electrode, and come
in two sizes to accomodate up to eight elec-
trodes.

CATALOG NUMBER
6012 ———— C4I

C47.

CM

Nr*

1-4
1-4
i-e

Cat tan
PVC
CM Iran
PVC

VTNPT
Vi"PVC
1-NPT
1-PVC

CMIM*

OMPMl

12-056900
12-065400
12-081800
12461900

UST

tZJM
TIM

36.N

=£> CORD GRIP ELECTRODE HOLDERS
jf BIW cord grip electrode holders provide

a simple, low-cost means of sealing
lead wire openings against leakage of
gases and liquids in non-pressure ap-
plications requiring use of wire suspen-
sion electrodes. These include submer-
sible pump installations with tow level
cutoff control, underground water stor-
age tanks, covered sumps, and sewage
pumping stations.
Made of aluminum machined for Vi"
pipe thread mounting, they are fur-
nished with compressible Neoprene
packing to support either one or two
wire suspension electrodes.Typ«cai

WfUl E r̂

EMClfWM

CATALOG NUMBER
6012 ——— CG1

TVP.CG2
wtthE-IS

EMCttodM

NOTE: Th» rcqund wn tuoponwn IIH.IIUUM final
CMMog SKtton 6013. P*e* 14 toronMrng Mar

b* oxMiM m MpiraMtwm. SM
CMtog SMMn 9013, tugi 12 tor onMrtng MonMten

1

1

i

I

I

I
Magnefek Controls

B/W Controls
1060 N. Crooks Rd.. Ctawwxi. Michigan 48017-1097
Phone: 313 435 0700 EasyUnk: 628 32092
Fvc 313 2801544 TMwc:235359

DISCOUNT SCHEDULE U.1
PrttM Subttct to Ctiang* WHhoul No



MMagnefek Controls
B/W Controls

INDUCTION TYPE
CONTROL RELAY

SECTION

1500
PAGE1

THE ALL NEW BIW 1500 SERIES INDUCTION RELAY
WfTH FIELD CONVERTIBLE CONTACTS

PROVIDES A VERSATILE AND RELIABLE
LIQUID LEVEL CONTROL

U.L ftacognnd
Conporwn

TYPICAL LEVEL CONTROL SYSTEM USING THE BIW 1500-D
RELAY TO ACTUATE A SOLENOID VALVE IN THE SUPPLY LINE.

T AX.UNE 4LC.LJNE

FEATURES:
• Available with 1,2, or 3

isolated, double break
contacts

• Nine different contact
arrangements to meet a
broad range of applications

• Contact arrangement can be
added and/or changed In
the field from N.O. to N.C. or
N.C. to N.O.

• All contacts rated at 25 AMP,
1 HP at 120V or 240 VAC

Magnefek Controls
B/W Controls

1060 N. Crooks Rd.. Clawson. Michigan 48017-1097
Phone: 313 435 0700 EasyUnk: 628 32092
FM: 313 280 1544 Telex: 23 5359

January 1985



EQUIPMENT NO.

NAME

LOCATION

MANUFACTURER

DISTRIBUTOR

DESCRIPTION

MAINTENANCE

EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

SS1-X4

EXTRACTION WELL FLOW INDICATORS

EXTRACTION WELLS

Badger Meter Inc.

Badger Inc. flow indicator. Model OP. 1/2" 0.____
bronze body. Kynar piston, flanged ends, range______
1-6 gpm. equipped with: Model PFT-420 flow_____
transmitter: remote reading Model ER-7R single
indicator for flow rate ( to be installed at extraction
well): remote reading model ER-7R single indicator
for totalization (to be installed at treatment plant)

1
1
1
1
i
I
1
1
I
i
I
I
-i

COMPONENT PARTS

SPARE PARTS

1
I
i



Model OP Chemical and Sanitary

Industrial Oscillating Piston Meter

Technical

GENERAL
Badger's positive displacement meters, model OP are one of
the most cost effective methods for metering process fluids in
the chemical, pharmaceutical and food industries. The simple
but efficient design of the OP meter generates high accuracy
and repeatability over the entire meter flow range. Magnetic,
"through the wall* transmission, prevents operator exposure
to corrosive fluids and protects the fluid from external contami-
nation.

Offered in three sizes, 1/2M"and2",for flows up to 100GPM,
these meters are extremely rugged, reliable and need little
maintenance and calibration. With only three internal moving
parts, maintenance is seldom required. If necessary, it takes
but a few minutes. All parts are designed and built of materials
recommended for your application, providing you with a long
life, trouble-free, precision flow meter. All sizes of the meter
are offered in chemical and sanitary, 3A approved, configura-
tions with a wide variety of end fittings to match your piping.
Their compact design and mode of operation allows for
installation in tight spaces and in any position.

To complement the OP meter line, Badger offers a complete
line of accessories that includes mechanical, pneumatic,
electromechanical and electronic transmitters, totalizers, in-
dicators and batch/process controllers.

OPERATION
The meter function is based on the continuous filling and
discharging of the measuring chamber (positive displace-
ment). Controlled clearances between the piston and the
chamber insure minimum gap leakage for precise measure-
ment of each volume cycle. As the piston oscillates, its' center
hub rotates a magnet, whose movement is sensed through
the meter wall by electromagnetic sensors or by a follower
magnet. Each revolution of the magnet is equivalent to a fixed
volume of fluid, which is converted to any engineering unit of
measure for totalization, indication or process control.

Pteton

MATERIALS OF CONSTRUCTION

BODY MATERIALS:
316 SS (raised face flanges)

Brass (flat face flanges)

PISTON MATERIALS:
Polypropelene (hi or low temp.)

Kynar (hi or low temp.)
Ryton (one temp.)

Carbon (one temp.)
Kel-F (hi or low temp.)

•O" RING MATERIALS:
Buna N

EPR
Viton

Teflon
NPR
Butyl

BUSHING MATERIAL:
MAGNET CASING:

CONTROL ROLLER:

1/2"

X

X

X

X

X

X

X

X

X

r

X

X

X

X

X

X

X

X

X

X

X

X

X

2"

X

X

X

X

X

X

X

X

X

X

X

X

X

Rulon
Alloy 20
Alloy 20

Badger Meter, Inc.
Industrial Division

Bulletin No. ITB-050-06
April 1992



A
B
C
0
E
E'
E"

1/2*

4.3V
2.32'

1.75'
6.75'
6.7r
6.75'

r
6.16'
3.81'

j 15.83'
; 2.er
i 11.00'
j 11.00'

11.00'

2'

6.63'
5.56'

16.2V
3.00'

12.62'
11.81'
12.13'

' Tri-Clamp/Cherry Burrel
" IMOA
Dimensions shown are of meter with angle
drive and PC meter mount or with rear drive
and transmitter.
Dimensions for other system configurations
may vary slightly. Please consult with factory

OPERATING & PERFORMANCE SPECIFICATIONS

Minimum Flow Rate, Q Minimum:
Continuous Operating Maximum Rate:
Short Duration Maximum Row, Q Maximum:

Continuous operation « acceptable at these rates
but accelerated wear of the piston and/or bushings
may occur.

1/2"
1 gpm
4gpm
6 gpm

r
5 gpm

20 gpm
30 gpm

2'
20 gpm
65 gpm
100 gpm

Standard Flange Connections*, Chemical:
Standard Connections, Sanitary:

Sanitary OP meters have 3A approval.
Polypropelene (V & 2* only) or Kynar
piston is required.

150/300* psi ANSI 16.5
Tri-Clamp

150 psi ANS116.5
Tri-Clamp
IMDA threaded
Cherry Burrel I or Q

150 psi ANS116.5
Tri-Clamp
IMOA threaded
Cherry Burrel I or Q

* 1/2* Chemical meter can be ordered with 1' flanges for low flow applications on 1' lines.
All sizes available with optional 300 psi flanges.

Pressure Drop at Maximum Flow:
(© viscosity & specific gravity of water)
Maximum Viscosity Limit:
Maximum Operating Pressure:
Maximum Operating Temperature:
Minimum Operating Temperature**:
"Minimum temperature for stated accuracy
Accuracy:
Repeatability:

1.7 psi | 4 psi | 8 psi
Pressure loss increases with fluid viscosity
10,000 cps (flow range is decreased as viscosity increases)
150 psi for 316SS -100 psi for Brass
250° F on high temp, pistons /120° F on low temp, pistons
Limited by piston material, recommended 40° F

± 0.5% over entire meter flow range
± 0.2% or better under similar repeatable batch operations

Metric Conversion: psi x 0.0703 ~ BARS gpm x 3.785 - liters per minute °F - 32 x .555 = °C

5 6 7 I 910 20 30 50 60 100

2%
1%
.5%
.5%
-1%

-2%

1/2

G A L L O N S PER MINUTE

ACCURACY CURVES Accuracy tested in ambient temperature. Higher accuracy may be achieved with more viscous fluids.

Badger Meter, Inc. Industrial Division
4545 W. Brown Deer Road, P. O. Box 23099 Milwaukee, Wl 53223-0099
Telephone: (414)355-0400 • Voice Mail: (414)355-0410, Extension 637
Fax: (414)355-7499 • Telex: WU 2-6757 - RCA 201313

All rights reserved.
All data subject to change without notice.
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ITB-042-04
53400-032

Model FT-420 & PFT-420
(Two-Wire, 4-20 ma DC and Pulse)
Flow Transmitter

Technical
Brief

General

The model FT-420 & PFT-420 are versatile electronic
flow transmitters for use with Badger's complete line of
flow meters. These solid state units produce a 4-20 ma
DC output signal through a two-wire design. They also
provide a transistor switched pulse-rate signal.

The two-wire, 4-20 ma DC signal is directly proportional
to the flow rate in the meter and is completely isolated,
preventing the formation of ground loops. The signal
has excellent linearity, accuracy and repeatability as
well as being resistant to internal and external electric
interference.

The isolated, pulse-rate signal is generated by an open
collector transistor. It has a square wave format which
provides positive pickup of the flow meter's pulse-rate.

By nature of the electronic pickup, the FT-420 & PFT-
420 significantly reduce mechanical toad on the flow
meter extending, in most cases, the operational flow
range and improving the accuracy of the meter.

Applications

In general, these flow transmitters can precisely
condition and transmit flow meter signals for process
control in the chemical, food & beverage, water
conditioning, pharmaceutical and any other industry
where precise measurement and control of fluid flow is
required. Twin outputs can be applied to:

• Totalize and Indicate flow
• Batch and regulate flow
• Provide signal to hHowftow controllers
• Signal process computers

Operation

The FT-420 & PFT-420 flow transmitters accept pulse
signals generated by either a Wiegand wire / magnet or by
a reed switch / magnet interaction in the flow meter. The
pulse input is then decoded and standardized by a pulse
form network. A current regulator accepts the standard
signals and converts the pulse rate into a steady current
signal (4-20ma) directly proportional to the rate of flow of
the fluid through the meter; 4 ma representing zero flow
and 20 ma representing full flow (user can adjust span to
suit application). Power for the device is derived from the
10-60 DC supply, 4 ma "zero" current. Each input pulse is
also repeated on the isolated transistor switch in a square
wave format. Two-wire connections are provided for each
of the two signal outputs.

J'Ml J<M INDUSTRIAL SUPPl* LIMITED

2899 Steeles Avenue West, Unit 4
Downsview. Ontario M3J 3A1

Tel. (416) 685-2300
Telex 06-217758



FT 420 BLOCK DIAGRAM

POWER SUPPLY]

PROCESSOR,
INDICATOR OR
CONTROLLER

OUTPUT
CURRENT

GENERATOR

FLOW METER
WIEGANOWIRE

OR
REED SWITCH
PULSE OUTPUT

1
1
(

1
I
J
1
I

I
1
1
1
1
1
1

GENERAL SPECIFICATIONS

PERFORMANCE

ENVIRONMENTAL

Operating Temperature: -20°F to 250°F
Humidity: 5% to 100% non-condensing
Enclosures: NEMA4&4X

ELECTRICAL

Inputs
Supply Voltage: 10 to 60 VDC
Pulse Input:

Circuit Interface: Transformer isolated
Pulse magnitude: (0.5 to 5 VDC)
Pulse Polarity: Pos. or Neg. @ 200 Hz max.
Alternating pos/neg. pulse @ 100 Hz max.
Switch Closure: 40 to 60% duty cycle @ 100 Hz

Outputs
Digital

Opto-isolator: Open collector transistor
Max. Voltage: 40 VDC
Max. Current: 20 ma @ 0.5 VDC
Pulse Width: 1 millisecond (± 0.1 msec.)
Pulse Rate: Input rate X 2

Analog
Two-wire signal/power
Max. Voltage: 10 to 60 VDC supply
Current: 4 to 20 ma
Max. Load Resistance (ohms) - 50+[5Qx(VDC-iO)]

All rights reserved. All data subject to change without notice.

Analog Output
Two-wire (signal/power) circuit interface with
reversed polaruty protection.

Accuracy: Within 0.5% of point (10:1 range)
Repeatability: Within 02% of point
Max. Ripple: 0.1 ma @ 10% of span calabration
Response: 3 sec. to within 95% of total change

Operatioinal Drift: Less than 10 microamps
Thermal Drift: Less than 1 microampper°C

O.V. Protection: 82 volt MOV, 2.5 watt-sec

Span Adjustment: 10 to 30 ma
Zero Adjustment: 3 to 12 ma
Zero Stability: 3.97 ma to 4.03 ma

REPRESENTATIVE:

1
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IOM-O35-03
53400-035

Models FT-420 & PFT-420 series

Digital and Analog Flow Transmitter

Installation &
Operation Brief

Description

The series of FT 420 4 PFT 420 flow transmitters are
usually assembled and mounted to the flow meter.
However, they can be retrofitted on top of an already
installed meter, including all magnetically driven models
of OP. Turbo, Disc and Propeller meters. They are
housed in a bronze housing similar to the MSE5 & EPT1
(Model FT 420) transmitters, an aluminum housing
similar to the MSE1 (Models FT 420 1& FT420 R) or a
high impact resistant plastic housing (Models PFT 420,
420/1, 420/2 & 420/R) depending on the meter/
transmitter configuration. See Bulletin IRP-049-02.
It can also be mounted inside the PC-100 meter
mounted housing.

Operation
The FT 420 & PFT 420 series have both pulse and analog
outputs. The pulse output is generated by an open
collector transistor, and it is equivalent to the scaled
(or unsealed) pulse rate received from the main
pickup element or retransmitting puteer. The analog
output is a two wire 4-20 ma signal proportional to flow
rate. It is normally calibrated at the factory to
produce 4 ma at zero flow and 20 ma at any flow up
to the maximum flow rate of the meter. Special
calibration can be done at the factory on request
or it can easily be done in the field.

Mounting

The FT 420 or PFT 420 unit directly replaces the
MS-E1 pulse transmitter on Turbo meters and the
MS-E5 on OP, Disc and propeller meters. Depending
on the PFT model selected, a simple plastic adapter
may be required. For Turbo meters, it is necessary
to replace the gear adapter with a Wiegand wire
adapter and make sure that the rotor assembly in
the meter contains a 4 pole instead of a 2 pole magnet.
The transmitter can also be operated in a remote
location (model FT 420/R & PFT 420/R). However,
this can only be done with the following transmitters:
FT1, FT2, PFT2 and MS series transmitters.

METER K FACTOR CHART

Mi
Size
5/8"
3/4"
1"

1-1/2"
2"

1/2"
r
2'
2"
3"
4"
6-

4"
6"
8"

10"
12"
14"

ster
Model

SC-ER Disc
SC-ERDisc
SC-ER Disc
SC-ERDisc
SC-ER Disc
OP piston
OP piston
OP piston

Turbo
Turbo
Turbo
Turbo
Propeller
Propeller
Propeller
Propeller
Propeller
Propeller

20 ma
atGPM

20
30
50

100
160

5
30

100
160
350

1000
2000
450

1000
1200
1600
2250
3000

Pulses per
Gallon

320.00
265.76
86.88
38.16
20.08

445.92
153.28
41.12

34.72
24.80

5.12
2.16

12.16
3.20
1.79
1.06
0.74
0.54 |

[j«Ml J«M INDUSTRIAL SUPPUT LIMITED 'ision
153223

2899 StMtat AvmiM W««t, Unit 4
Downsvlcw, Ontario M3J 3A1

Tel. (416) 665-2300 3Q1313
Telex 06-217758



Calibration

The FT 420 & PFT 420 analog signal is calibrated at
the factory, relative to the standard flow rate of the
accompanying meter( i.e. 2" Turbo 4ma at no flow
and 20ma at 160 GPM.) The customer can
recalibrate the unit to suit his own application. To
recalibrate the unit first remove the transmitter cover.
Connect a milliammeter (VOM or Simpson) as shown.
- Connect a pulse counter on the pulse output and count

the number of pulses received in one minute.
(Refer to meter factor table, to determine flow rate).

- Increase your fluid flow to the rate at which 20 ma
output is desired.

- Using a small screwdriver adjust SPAN pot clockwise
to increase analog output and counterclockwise
to decrease it

Example: Pulse counter registers 1260 pulses per
minute on a 2" Turbo meter. A 2* Turbo has a K factor
of 18 pulses per gallon. Thus. 1260/18 -70 GPM.
Customer requires 20 ma at 75 GPM. Therefore, he
adjusts system to increase flow and obtain 1350
pulses per minute (75 x 18). Once this is done the
SPAN pot can be adjusted to 20 ma using the
milliammeter.

Zero Span
Wiegad

Wire
Reed

switch

WIRING PROCEDURE

Signal Inputs:
The circuit board contains an input terminal block with
three screw terminals. Use terminal *1 & *2 to
connect the two wires from a reed switch
pickup or transmitter such as the two wires
coming up through the OP right angle drive or an
MS series transmitter on a remote FT420/R.
Use terminals #2 & #3 to connect the Wiegand wire
pickup from a Turbo meter adapter.

Signal Outputs:

The transmitter board has four signal output wires.
A black and a white for pulse output and a red and
orange for the analog output
-Analog Output:
Connect the RED wire to the positive terminal of
the DC supply on the indicator or controller and the
ORANGE wire to the negative terminal
-Digital Output:
Connect the WHITE lead to the positive terminal of
the counter or controller and the BLACK to the negative
terminal.

MiHiammeter'

Pro mtrolor indicator
Maximum bop resistance:

50 ohms plus
(50 x (supply volts-10))

Pulse Output
{ Open collector ^
transistor pulse

output
eOVDCmax
10 ma max

Black Pulse counter
White or totalizer

DCpowersuppV I
10-60VDC@30ma ' ~

WARRANTY
Badger warrants al meters and parts manufactured by K and
supplied hereunder to be free from defects in materials and
workmanship for 18 months from date of shipment or 12 months
from date of installation whichever period shall be shorter. K
within such period any meters or parts shall be proved to Seller's
satisfaction to be defective, such meters or parts shall be
repaired or replaced at Seller's option. Seller's obligation
hereunder shall be imited to such repair and replacement and
shall be conditioned upon Seller's receiving written notice of any
alleged defect within 10 days after its discovery and, at the
Seller's option, return of such meters or parts to Seller f .o.b. its
factory .THE FOREGOING WARRANTY IS EXCLUSIVE AND IN
LEU OF ALL OTHER EXPRESSED OR IMPLED WARRANTIES
INCLUDED BUT NOT UMfTED TO MPUED WARRANTEE
(EXCEPT FOR TITLE) OF MERCHANTBIUTY AND FITNESS
FOR A PARTICULAR PURPOSE Badger shall not be liable for
any defects attributable to sets or omissions of others after
shipment, nor any consequential, incidental or contingent
damage whatsoever.

1

1

1
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1

1

1

1

I

1

1

1
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I

1
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11-90 ITB-073-02

Model ER-7 & ER-7/R (Remote)
Digital Resettable Totalizer or
Digital Rate of Flow Indicator

Technical
Brief

GENERAL
Badger's Model ER-7 register is a meter mounted tota-
lizer/rate indicator designed for use with Badger's
HPV™ series of flow meters. The ER-7/R is the remote
version and can be used with any Badger flow meter
when equipped with compatible unsealed pulse trans-
mitters. A rear adapter plate is provided with the remote
version for attachment to a wall or other suitable sur-
face. The ER-7 series registers are available with one
or two indicators. Either indicator can be programmed
as a rate-of-flow indicator or as a resettable totalizer. If
you require simultaneous display of rate-of-flow and to-
talization, you must order the register with two indica-
tors.

The registers are battery powered. They get their input
pulses from the proximity sensor located within the HPV
meter or from the meter pulse transmitter, if you are us-
ing the remote version. Proximity sensors and other
electronic sensors with open collector outputs must be
externally powered.

DESCRIPTION
The indicators utilize the latest LSI technology. They
have crisp. 8 digit numeric LCD displays. Step by step
programming is similar to programming a digital watch,
and can be done from the front panel. Upon completion
of the procedure, reprogramming can be inhibited by re-
positioning a jumper located on the rear of the unit.

When the indicator is programmed as a totalizer, the
display can be reset to zero from the front panel switch
or from an external switch wired directly to the rear con-
nector. The front panel reset button can be inhibited by
repositioning a rear jumper.

A programmable pro-counter allows you to indicate in
any engineering unit of measure. (Gallons, pints,
pounds, etc.) You can read to the nearest 0.1 or 0.01
unit depending on the type and size of the flow meter.

Operation
Fluid flowing through the meter causes pulses to be
generated by the sensor or transmitter. Each pulse rep-
resents a specific volume of fluid. Using the 1" HPV me-
ter as an example, 444 pulses are generated every time
one gallon of fluid passes through the meter. If you pro-
gram the pre-counter for 0444, the least significant digit
on the display will increment once every time the regis-
ter counts 444 pulses. You would be able to measure to
the nearest gallon.

ER-7-R with rear adapter plate

Features

• All Solid State Components For Long Life

• Displays Are Battery Powered For Memory
Retention

• Corrosion Resistant Plastic Housing Built To
NEMA 4X Specifications

• Programmable For Rate of Flow or Totalization

• Programmable Pre-Counter

• Front Panel Totalizer Reset Switch Can Be
Disabled

• Front Panel Programming Can Be Inhibited

BadgerMeter,lnc. industrial Division
4545 W. Brown Deer Road, P.O. Box 23099, Milwaukee, Wl 53223-0099

(414)355-0400 Fax:(414)355-7499 Telex: WU 2-6757 — RCA201313
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Close to reset front panel display

r HPV Meter
wire Sensor

DC

)
k

Brawn

ER-7 & ER-7/R SPECIFICATIONS
POWER SOURCE:

Indicators: 3 volt Lithium battery lasting up
to 8 years.

DISPLAY: Eight digit LCD with .35' high
characters

OPERATING TEMP:
Indicator: 32eFto167"F

ACCURACY: ±.01%, ±1 DIGIT lor RATE

INPUTS: Low speed (reed Switch) input
can operate up to 25 counts per
second.

HPV te a regttered trademark of Badger Meter. Inc.

REMOTE RESET:

Hiah Soead (electronic sensors)
input can operate up to 5000
counts per second when driven
with a 50% duty cycle.

TYPES: TTL.CMOS. open collector
sink, relay contact to common,
magnetic pickups having > 2.0
VOLTS peak output into 10KO
load or any signal source that
can supply the following DC
voltages:
Input HIGH is > 2.0 volts.
Input LOW is < 1.0 volt.
Maximum input voltage is ± 28
volts.
Forces reset when pulled below
1.0v.

1
1
1
1
1
1
1
1
1
I
1
1

Al righe) imtnti. Al rtaii lubfretlo change mMiou noUoe. Badger Mala*. Inc. IMP
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EQUIPMENT NO.

NAME

LOCATION

MANUFACTURER

EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

SS1-V1

EXTRACTION WELL FLOW CONTROL BALL
VALVES________________________

EXTRACTION WELLS____________

Worcester______________________

DISTRIBUTOR

DESCRIPTION

MAINTENANCE

COMPONENT PARTS

Flow control ball valve. 1/2" 0 Worcester______
#CFT 4466PMS EG60. all stainless steel, screwed ends
60 Peg, equipped with: Worcester #1075-5W 120 VAC
Electric Actuator. NEMA IV Housing. 100% Duty
Cycle Motor: #HO99 set point controller designed to
accept 4-2QMA signal from flow indicator: #MKOOG
S/6 mounting kit to couple valve and actuator_____

SPARE PARTS



Worcester
Controls
A BTR Company &

PB-401-26

1
Series 44 Ball Valves 1
3-piece ball valves that meet all
requirements for material compatibility,
shutoff, end connections and safety.



How To Order

VALVE
SIZE

/4

Y!-
'/«"
r
1 'A-
1 /2*

2"

PRODUCT
SERIES

4

BODY,
PIPE ENDS

1 -Brass
4-Carbon Steel
6-316 S.S.
A-Alloy 20

BALL,
STEM

1 -Brass*
4-Carbon Steel*
6-316 S.S.
7-Monel
A-AJloy 20®
C-Hasteltoy C

SEAT

B-Buna
N-Neoprene
T-TFE
R-ReWorced

TFE
Y-Lubetal™
P-Poryfill®
U-UHMWPE

BODY
SEAL

B-Buna
N-Neoprene
T-TFE
E-EPR
V-Vtton®
M-TFE Coated

31 6 S.S.
U-UHMWPE

Use only one letter if body seal
is to be same material as seat.

ENDS

SE-Screwed
Pipe Ends (NPT).
Any Sch. Pipet

Carbon Steel
Stainless Steel
Brass
Alloy 20
Butt Weld Ends

BW1 -Stainless Steel, Sch. 10
BW4-Carbon Steel, Sch. 40
BW5-Slaintess Steel, Sch. 5
TE-Solder/Sweat Ends

Brass-Type K, L. or M copper
tube
SW-Socket WeM Ends, Any
Sch. Pipef

Carbon Steel
Stainless Steel
Alloy 20

SWO-Socket WeM Ends, O.D.
Tube

Stainless Steel (not available
in '// and 'If sizes) ,•

' Carbon Steel and Brass ball are hard chrome plated
Example: 1 '/,' Series 44 with 316 s.s. body ban and stem, TFE seats and seals, and socket weld ends.

•VTton is a registered trademark of E.I. duPont
™Lubetal is a trademark of Oarlock.
•PolyfHI is a registered trademark of Worcester Controls
•Afloy 20 is a registered trademark of Carpenter Technology

\

tAH IPS schedules of aluminum,
stainless, carbon and aHoy steel
pipe, S.P.S. copper pipe and red
brass pipe.

Externals: Externals, including handes. are normally constructed of zinc plated carbon steel. Handles are vinyl coated. When required, the body bolts,
nuts, follower, adjusting nut and hanrJe nut are also available in stainless steel by special order, and come standard when ordering a 466 valve. Handle
and stop plate are also standard in stainless steel when ordering a 4AA, or are available on special order with other combinations.
To order a Series 44 for use with:

34 or 36 actuators, prefix ordering code with 'A*. EXAMPLE: 1* A 446 PMSE
39 or 75 actuators, prefix ordering code with V.

012

Corrosion
Data

For body. DM. Mm
•nd
to

FormKmMrM
pnMuraAarqm curvw
and •"•••••'*• torque
output ctm.

Caution: Ball valves can retain pressurized media in the body cavity when closed. Use care when disassembling. Always open valve to
relieve pressure prior to disassembly.
Due to continuous development of our product range, we reserve the right to alter the dimensions and information contained in this leaflet as
required. ̂  ^ * - • - _ „ Distributed By:I Worcostor Controls

P.O. BOX 538. 33 LOCKE DRIVE
MARLBOROUGH. MA 01752
U.SX
(soe)4si-4aoo TELEX SSITSSS
FAX (508) 481-4454

20 MD-OOMNION ACRES
SCARBOROUGH. ONTARO CANADA
MIS 4A5
(416)298-1671 TELEX 065-25135
TELEFAX (416)298-8330 Printed in U.S.A. 8/91 17M HR
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AUTOMATION
PNEUMATIC AND
ELECTRIC CONTROLS

Easy automation !• aaaurad by our (erica 39 pnaumatie
or Series 78 electric actuaton. Both are aeefcod by our
exefue/vo two-year warranty. The Series 31 actuator la the
toughest and moat versatile rotary actuator available. Poei-
Uonera (Ineluding eiectro-prMumetic) tailgate feature, and
mechanical and proximity Hmit switches provide ON/OFF
or proportional control to your system with the feedback
you require. Refer to Bulletin No. PB302.
Mount a Series 75 electric actuator and you have a high
performance control valve package speclficaly designed
tor computer or PLC control. For proportional control, the
Series 75 can work with digital or analog control toopa. A
variety of options allows you to select the performance cri-
teria and feedback information you desire. The Series 75
to available with NEMA I. IV, VM or DC enclosures. Refer to
Bulstin No. PB730.
Worcester valves represent a profound Improvement over
traditional globe and rotary valves that use heavy linear
actuators, crank arms and associated linkage. Nbreeefer
has nt hysteresis and assured /•»
peeub/ttry oy powering through a eoftMy demped, *»•
Mne stem. M a nans operate together; acfueiwi poa*-
tone* varVe «lem. The design else eJfmMefM side i
en the rarVe atem btceuse componems (verve, eetimfer,
potittontr) ant mounted symmetrfeaay end weJgMs are
halanceo'. Th/» exrends verVe stem eeaf Mre Av oejrond
eenventionaf velves.

APPLICATIONS

Steam Control
Pressure Control
Flow Control
"temperature Control
Level Control
PH Control
Low Flow Control
High Abrasion Fluids
Heat Transfer Fluids
Slurry Control
Paper Stock
Water Hooding
Oxygenation
Food, Chemicals. Petroleum

1
1
1-

** TOTftL PPGE.12 **

V

1



The HQ99 Controller
Compact, reliable control for
a variety of applications.

Simple controller
adjustments.

Prewired assembly.—

Balanced,
small
package.

—— HQ99 Controller board assembly.

Motor with overload protection.

- Optional feedback pot. for valve
position indication or 4-20 mA
position indicator.
Limit switches for auxiliary circuits.

Enclosure in NEMA IV or VII.

Manual override.

Optional
"set-point control"
(potentiometer).

The new HQ99 solid state, electronic controller adds a new
dimension to streamlining single loop process control. It is a
cost effective solution to on-site control where there is no
central control room for instruments and allows the set-point
adjustment to be located where most convenient
Unique to the market, the HQ99 is a rugged, sensitive controller
which when combined with an electric actuator, provides com-
plete control function. The circuit board mounts inside the
housing of the Worcester Controls Series 75 Electric Actuator
and does not require its own special housing. The unit is
protected by the actuators' NEMA IV and VII rated enclosures.
Because the HQ99 is inside the control valve actuator, excess
wiring is saved as well as the cost of a separate controller
housing and the positioner function is eliminated, thus creat-
ing a simplified control loop.

The HQ99, in conjunction with an internally or externally
mounted set-point potentiometer unit, can regulate tempera-
ture, pressure, level, flow or any other process variable whose
status can be transmitted via a variety of electric signals (see
specifications). Solid state circuitry insures reliable, efficient
service with energy savings.
The Series 75 Electric Actuator offers operational dependabil-
ity and rugged compact design. It is available in six sizes
offering torque outputs from 150-3000 in. Ibs. A variety of
NEMA enclosures and other electrical and mechanical op-
tions fit this actuator to the application. The HQ99 is optional
equipment for the Series 75. A dual or single feedback poten-
tiometer for remote position indication and limit switches for
auxiliary circuitry are also available as options. Whether it
is a hazardous, remote or difficult service, Worcester
Controls can provide you with the process package you
need for complete, accurate control.



Principle of Operation
Typical Individual Process Control Loop

Internal Set Point Control

CONTROL ROOM

SENSOR
INFORMATION
SIGNAL

VALVE

As Modified with Worcester's HQ99 Inside Actuator Housing

NEMA IV Externally Mounted
Set Point Control

NEMA VII Externally Mounted
Set Point Control

CONTROL ROOM
I— —— -~———I

LOCAL OR
REMOTEj SET-POUT
POTENTIOMETER

SENSOR INFORMATION SIGNAL

SENSOR
DATA

TRANSMITTER

VALVE

1
I
1
1
1
1
i
1
1

Control Loop Configuration
These two schematics illustrate the difference in process
control loop configuration with and without Worcester's HQ99
Controller. The first schematic illustrates a typical process
control loop. The signal from the sensor must pass through
the set-point controller in the control room and the valve
positioner before it finally reaches the valve and actuator
package and affects valve position.
The second illustration shows the loop configuration simplicity
gained by using an HQ99 Controller inside the actuator hous-
ing. The sensor signal follows a direct path to the HQ99, and
the control loop is streamlined due to the combining of con-
troller and positioner functions. The HQ99 Controller is com-
pletely protected inside the actuator's NEMA rated housing,
and the set-point potentiometer may be located remotely or
at the valve, or both, with a bypass switch for remote or local
operation.

How It Works
The electric signal from the sensor (measuring element) is
fed directly into the HQ99. The HQ99 reads this input signal,
and compares it to the desired set-point of the process, which
is controlled by a remote or local potentiometer. A set of limit
points, one above and one below the set-point, define an
electronic "window" for the HQ99. As long as the process
variable's difference from the set-point falls within this window,
the HQ99 will send electronic pulses to the actuator to correct
the valve's position. If the deviance from the set-point falls
outside the window, the HQ99 sends a continuous signal to
the actuator, which will move the valve at a faster speed until
the error falls within the window. At that point the HQ99 signal
changes back to pulse mode until the set-point requirement
is satisfied.
After the valve has completed its movement as instructed,
the HQ99 observes a waiting period during which it compares
the process variabla's status to the set-point and makes sure
no further movement is needed. This fast-slow-wait action
allows quick yet stable response to process requirements.

I
I
i
i
I
1
i
i
1



HQ99 Adjustable Control
Pulse

Window Adjust Null
Span

Adjust

Specifications
Input Signals: Set-point

tKPot. For
others, consult
factory

Operating Voltage:
Independent Linearity:
Resolution:
Deadband:
Hysteresis:
Temperature:

Set Point
Potentiometer:

Duty Cycle:

Sensor
4-20 mA
1-5mA
10-5mA
135 Ohms
IKOhms

120 VAC
0.5% of span
0.5% of span
0.4% of span
0.5% of span
-40°F (with heater and
thermostat) to 115°F
Standard Set Point Pot. (1K)
Mounted inside the actuator at
the factory.
Specify 75% or 100% duty
cyde for actuator

The HQ99 has several basic adjustable controls that allow flex-
ibility in operation:
Zero Adjust:

Adjusts the HQ99 to match the minimum value of the sensor
data transmitter's signal.

Span Adjust:
Adjusts the HQ99 to match the maximum value of the sensor
data transmitter's signal.

Null:
Allows the increase or decrease of deadband about the
set-point to inhibit spontaneous action of the controller by
electrical noise.

Control Action Adjustment
These two controls adjust the manner in which the HQ99
responds to a change in signal.
Pulse Control:

A two-part control, which adjusts the on-time and off-time
of the unit in the pulsing mode. This adjusts the effective
speed of the unit while it is operating inside the "window."
Both on and off times can be adjusted to fine tune the unit
to match system requirements.

Window Control:
A control which adjusts the width of the "window." The
window defines limits around the set-point at which the
unit changes from slow to fast action. Outside the window,
response is fast. The smaller the window, the faster the
response. The larger the window, the more stable the unit.

Power Consumption:

Characteristic:

Options:

Ordering Instructions:
• Actuator Size
• Power Supply
•Set Point Location

Internal
External
Optional NEMA IV
external housing
Optional NEMA VII
external housing

8 watts plus actuator power
requirements

Linear

Feedback potentiometer position
indicator, 4-20 mA (single or dual)
NEMA VII or IV external box for
set point potentiometer.

When ordering, specify:
• Sensor Signal
• Standard Set Point

Potentiometer (1K)
or other (specify
requirements)

Due to continuous development of our product range, we reserve the right to alter the dimensions and information contained in this leaflet as
required.

Worcester Controls Distributed by:

P.O. BOX 538, 33 LOCKE DRIVE
MARLBOROUGH, MA 01752
USX
(508)481-4800 TELEX 6817563
FAX (508) 481 -4454

20 MO-DOMWION ACRES
SCARBOROUGH. ONTARIO CANADA
M1S 4A5
(416)298-1671 TELEX 065-25135
TELEFAX (416)296-8330 Printed in U.S.A. 3/90 10M WR



EQUIPMENT NO.

NAME

LOCATION

MANUFACTURER

DISTRIBUTOR

EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

SS1-V3

DESCRIPTION

MAINTENANCE

COMPONENT PARTS

SPARE PARTS

EXTRACTION WELL SAMPLING VALVES

EXTRACTION WELLS

1-inch/ 1/2-inch tee fitting with 1/2-inch
sampling ball valve____________

i
1
I
I
1
1
1
1
I
1
I
1
1
I
I
1

1
1



EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

EQUIPMENT NO. SS1-X2

NAME EXTRACTION WELL UNIONS

LOCATION EXTRACTION WELLS________

MANUFACTURER ______________________

DISTRIBUTOR

DESCRIPTION 1-inch diameter, steel

MAINTENANCE

COMPONENT PARTS

SPARE PARTS



EQUIPMENT NO.

NAME

LOCATION

MANUFACTURER

DISTRIBUTOR

DESCRIPTION

MAINTENANCE

EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

SS1-X5

EXTRACTION WELL CHAMBER COVERS

EXTRACTION WELLS_____________

BilcQ_________________________

COMPONENT PARTS

SPARE PARTS

Bilco Pit Door. Size 2"-6" x 3'-0". Model O-3. lockable

i
I
I
1
1
1
1
1
1
1
1
1
1
1
1
1
I
I
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EQUIPMENT NO.

NAME

LOCATION

MANUFACTURER

EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

SS1-P2

WET WELL SUBMERSIBLE PUMPS

WET WELL

Grundfos Pump Corporation

DISTRIBUTOR

DESCRIPTION

MAINTENANCE

COMPONENT PARTS

SPARE PARTS

Central Pump
Davton. Ohio
513-890-1206

Model 60S20 - 4: 2 HP: 3 Phase:
A6Q volts: built-in check valve





MODEL

FLOW RANGE

40 to 75 GPM
PUMP OUTLET

2" NPT

' -a

60GPM
PERFORMANCE CURVES

600

500

400

LU
111
t 300

3
LU

200

100

.TING RANGE 40 B7S GPM I
POHCAP*CITIESBELOW*OGPW

SEE MODEL *OS _____

3450
RPM

10 20 30 40
CAPACITY (GPM)

SO 60 70

DIMENSIONS AND WEIGHTS
MODEL NO.
60S20-4
60S30-5
60S50-7
60S50-9
60S75-13
60S100-ia

HP
2
3
5
5

1W
10*

LENGTH
(INCHES)

31 '/4

40%
48%
53%
70

97V4

WIDTH
(INCHES)

31Vi8
3 'Vie

31Via
31Via
3^19

3^18

APPROX.UNIT
SHIPPING WT.(LBS.)

39
64
75
80

105
160

Specifications are subject to change without notice.
* A 4-inch motor is provided as standard on these models.

2-15



EQUIPMENT NO.

NAME

LOCATION

MANUFACTURER

DISTRIBUTOR

DESCRIPTION

MAINTENANCE

EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

SS1-X6

COMPONENT PARTS

SPARE PARTS

WET WELL PITLESS ADAPTORS

WET WELL

Maass - Division of Surinak
Eneineering & Manufacturing Inc.

Muskego Industrial Park
S82 W19246 AoDolo Drive
Muskego. WI 53150
414-679-3922

Model ^ Weld on Type. Drop Pipe Size 2 in.
dia. for 8 in. well

1
I
1
I
1
1
I
1
1
1
1
1
1
1
1
1
1
I
1



MAASS PITLESS ADAPTER!
— A foil range of weld-on adapters from 1 to 4 inch.

WISCONSIN STATE APPROVED
MICHIGAN STATE APPROVED

PATENTED

MAASS MODEL J PITLESSES
ARE SANITARY AND EASY TO SERVICE

Recommend to your customers the Maass Model J pitlesses — units create easy we!i
service for you because they are manufactured only of RUST-PROOF materials and
designed to eliminate all obstructions in well casing. Pump is easy to pull because ot
non-rusting components. Water contacts only 304 stainless steel and bronze to COM-
PLETELY ELIMINATE ANY RUST and/or ELECTROLYSIS. The Maass pilless connection '
sealed by using a bronze 8 degree non-locking taper wedge with O-ring force
against 304 non-magnetic stainless steel flanged nipple pressed into steel housing
and welded on outer side. Model J Pitless Adapter is non-pressure lifting and is de-
signed for deep wells, higher working pressures, and where plastic pipe is used and
high water levels. No lock necessary. Stock only two 1-inch outlet size Maass Modei
J pitlesses to fit all well casing sizes. Pitless steel housing is permanently installed by
welding onto well casing.

MODEL JJ WELD-ON UNITS

MODEL J

MODEL JJ models below are for
suction pumps. Lateral can be
pressurized to meet state codes.

WELL
CASING

SIZE
4"-5"

6".7"-8"

4"-5"

6"-7"-8"

MODEL
JJ

JJ

JJ

JJ

WATER
OUTLET &
DROP PIPE

SIZE
1" outlet
2" lateral
1" outlet
2" lateral
1 Vi" outlet
2" lateral
1'A" outlet
2" lateral

WELL
CASING

SIZE
4"-5"
4"-5"
4"-5"

5" '
6"-7"-8"
6"-7"-8"
6"-7"-8"
6"-7"-8"
6"-7"-8"

8"- 10"- 12"
10"- 12"

MODEL
J
J
J
J
J
J
J
J
J
J
J

WATER
OUTLET &
DROP PIPE

SIZE
1"
1'.,"
1 Vj"
2"
1"
Hi"
1 '/-••

2"
2 ' - j '
3"
4"

APPROXIMATE
WEIGHT

6*
It
8.5*
12*
6*
7*
8.5?*
12«r

IS*1

32*
50*

MODEL JJ

SEE YOUR DISTRIBUTOR OR REPRESENTATIVE
FOR ADDITIONAL INFORMATION

Division of Surma* Fnriinf»n'<<} < Af,jn<,Mi-n./""<7.

MUSK EGO i';.''' ":i IJ'."-L PARK
SS2 '.V19?'i(i /-nolle Drive

Mu<k«io «.vi 53150
Mil <~,-



EQUIPMENT NO.

NAME

LOCATION

MANUFACTURER

DISTRIBUTOR

DESCRIPTION

MAINTENANCE

EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

SS1-V5

COMPONENT PARTS

SPARE PARTS

WET WELL GATE VALVES

WET WELL

Watts Regulator Company

Disnev-McLane Inc.
2704 Colerain Ave.
Cincinnati, Ohio
513-541-1682

Series WGV, brass body threaded connections:
2 in. dia.______________________

i
I
1
I
1
1
I
1
I
1
1
1
1
1
1
1
1
I
1



bronze and brass gate valves

Series FGV-1
Federal Specification MSS SP-SO
Inside screw bonnet, NRS, solid disc

Designed for continuous service
on steam, water, oil and gas in
either the open or fully-closed
position. They are ideally suited
for areas where space is a premium.
Virgin PTFE packing and a gland
follower. ASTM B62 body, stem
and disc. Threaded IPS connections.
Pressure rating: 200 WOG
Steam rating: 125 W.S.P.

Complies with Federal Specification WW-V-54,
Type I. Class A, 85-5-5-5 construction

Series FGV-UB
Federal Specification MSS SP-80
Union bonnet, rising stem, solid disc
Designed for continuous service
on jteam, water, oil and gas in
either the open or fully-closed
position. They afford free flow
with minimum pressure drop.
The union bonnet provides for
quick valve disassembly for inspec-
tion and repair plus it reinforces
the body to protect against vibra-
tion and pipeline strain. Virgin
PTFE packing and a gland follower.
Pressure rating: 300 WOG
Steam rating: 150W.S.P.

No.
FGV- . FGVS-1*
FCV- , FGVS-1*
FGV- , FGVS-1*
FGV- . FGVS-1*
FGV- . FGVS-1*
FGV- , FGVS-1*
FGV- . FGVS-1*
FGV- FGVS-1*

Sizt
V4"
3/8"
1/2"
3/4"

1"
P/4"
P/7"

2"

Diimi
A

1.ES
1.S6
1J6
2.05
2.48
2.SO
2.77
2.96

mom (I
1

3.05
3.05
379
3.92
4.46
5.24
5.59
6.38

•dm)
C

1.88
1.88
2.44
2.75
2.75
3.35
3.74
4.13

Mm
tttv.
120
120
96
48
42
24
IS
10

ar Cartel
Wtqht (lot.)

60
60
74
62
74
64
46
45

•FGVS-1 solder end connections

For Additional Information, send for F-BBV, GV, CV

Series GV, GVS
Bronze Gate Valves
For Water and Steam Service

Full rating for broad application.
125 WSP, 200 psi WOG.
Series GV have IPS threaded connections in
sizes '/«"- 4".
Series GVS have CxC sweat connections in
sizes 3/a"- 3".
• Screw-in bonnet
• 85-5-5-5 bronze body

Size
1/4"
3/8"

1/2"
3/4"

1"
11/4"

11/2"
2"

2V2"
3"
4"

/
GV
is/a
IS/8
13/4

115/16
2V8
23/8
2V2
2?/B
3V2

315/16
43/4

01
t

GVS
—

13/4

13/4

23/8
2«/16

3
33/8

4
4V2

53/16
-

MENSIO
1

GV
3

33/16
33/8
35/8

47/16
5

53/8
6V2

8
93/16
103/4

NS (Inc*
1

GVS
_

33/a
33/B
3S/8

47/16
5

57/16
6V2

83/16
93/16

—

es)
C

GV
1 1S/16
115/16
23/16
23/8

2»/16
23/4
31/8

39/16
45/16
415/16

53/4

GVS
—
2Vs
2VB
23/8

29/16
23/4
3V8
3V2
43/8

415/16
—

Weight
GV
0.62
0.62
0.71
0.93
U
2.Q
2.7
3.4
6.4
9.3

18.0

(IbsJ
GVS

—
0.62
0.62
0.88
1.15
1.72
1.85
3.53
5.95
8.82

*~

Nt.
Thmdtdl
FGV41I
FGV-UB
FGV4JI
FGV-UB
FGV-UB
FGV-UB
FGV-UB
FGV-UB

Sin
PScOflM

1/4"
W
1/2"
3/4"

1"
1V4"
1V2"

2"

Dim*
A

room
1.75
1.75
2.13
2.24
2.62
2.87
3.13
3.52

niom (Inches)
B I C

4.13
4.13
5.00
6.10
7.56
8.62

10.04
12.13

1.88
US
2.44
2.75
2.7S
3.35
3.74
4.13

Marnr Cirun
Qty. ! Wtifht (lot.)

120
120
96
48
42
24
IS
10

60
60
74
62
74
64
46
45

For Additional Information, send for F-BBV, GV, CV

Series WGV, WGVS
BTBM Gate Valves

Rating: 200 psi WOG
Series WGV have IPS threaded connections
in sizes W- 4".
Series WGVS have CxC sweat connections
in sizes 'A1'- 2".

Size
(Indies)

s
X
1

IX
IK
2

2J4

*:

/
WGV
13/4

1W/16

21 /B
23/a

23/8
213/16

31/2
37/8
43/4

Oil\
WGVS
1«/16

21/2
23/4

3
31/2
41/4
_
_

—

HENSIOI
E

WGV
3
31/2
41/8

4V2
53/8
6
73/4

87/a
101/2

IS (Inch
1
WGVS

3
3V2
4
4V2
51/8
6
—
—
—

IS)
C

WGV
21 /B
21 /e
23/8

2V2

23/4

3V4
4
47/16

51/8

WGVS
2Ve
2Ve
23/8

23/4

23/4

31/4
_
_

—

Weight
WGV

.60

.82
1.1
1.37
2
3
6.25
7.75

13.50

(Ibs.)
WGVS

.56

.80
1.
1.33
2
3
—
—
—

For Additions! Information, send for F-3BV-'GV 'CV.

For Additional Information, send for S-WGV.

(l) International Product



EQUIPMENT NO.

NAME

LOCATION

MANUFACTURER

DISTRIBUTOR

DESCRIPTION

MAINTENANCE

EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

SS1-X9

COMPONENT PARTS

SPARE PARTS

WET WELL FLOAT SWITCHES

WET WELL

Magnetek Controls. BW Controls

Nelcor Inc.
5169 Wooster Pike
Cincinnati. Ohio 45226
513-871-2816

Liquid Level Float Switch Model 7010
complete with cord grip, wall mounted
bracket and 1500 series induction relav

1
1
I
1
1
1
I
1
I
1
1
1
1
1
I
I
1
I
1



HMagneTek Controls
B/W Controls

LIQUID LEVEL
FLOAT SWITCHES*

I IU!\t

^Chemically Resistant Polyp
and

Hermetically Sealed Mercury
SwitcrtPrbvTdes High Reliability

. . ... || *-|lirf¥d I T" - _.-.«-..- r^Mua- ** - *

•—Easy To Install
'.p Pumps And Available _

:ch Ratings Up to 1/2 HP

Controls
B/W Controls

1080 N. Crooks Rd.. Oawson. Michigan 48017-1097
Phone: 313 435 0700 EatyUnk: 628 32092
Fax: 313 280 1544 Trim: 23 5359

October 1984



SECTION

7010
PAGE 2

LIQUID LEVEL.
FLOAT SWITCHES MMagneTek Controls

B/W Controls

Float:
Float Dimensions:

Cord:
Cord Size:

Cord Length:
Operating

Operating
Pressure:

Chemically Stable Polypropylene
Length 4.0"
Diameter 3.5"
Strain Relief 1 .0"
Multi-conductor PVC
16/3 tor S.P.D.T.
1 6/2 tor either N.O. or N.C. Operation
20 ft. unless otherwise specified
STFtoieO-F
Materials are rated to 221°F
Pressure tested to 60 feet of water
(26 psi.)

Switch Ratings:

Pump Down Control Using Intrinsically
Sate Relay Model 5300-S-F1
2 Floats Required:
Cat No. 7010-G-4-A-20

AC Lint
115V or 230V

SO or 60 Hz -
j j + —— Chassis ground

.___i TO PUMP
k MOTOR

j———J STARTER
J

PUMP ON

PUMP OFF

DISCHARGE

SUBMERSIBLE
PUMP

Switch Code
Wide
Angle
Narrow
Angle
Narrow
Angle
S.P.D.T.

A

G
L

W

Running Current (Amps)
at 120 VAC

20.0

1.0
15.0

15.0

at 240 VAC

15.0

.7
11.0

11.0

DESCRIPTION
The BIW Float Switches are mercury-switch actuated
liquid level controls, designed to operate pumps, valves,
chlorinators, multiple pump alternators, relays, contac-
tors, alarms and similar equipment for industrial and
commercial use.
A hermetically sealed, axially non-position sensitive
mercury switch inside the polypropylene float, provides
a reliable long lasting level control suitable for most
liquid environments up to 160°F.
The B|W Roat Switches provides an ideal pilot device
for the control of all B|W Cpntrol relays and control
panels. The polypropylene float, Nitrite Gasket, PVC
cable and hermetically sealed mercury switch, provides
an economical liquid level solution for controlling sewage,
effluent, many chemical solutions and in other hostile
environments containing oil, grease or other similar
industrial and municipal wastes where dependable liquid
level control is essential.

Rll Control Using
1SOO-C-U-S3 B/W Relay

_m——i u_-/7v.1 T T
stist̂ r1— Jlil

2 Floats Required
Cat No. 7010-Q-4-B-20

1

1

1

1

1

1

1

1

1

1

1

1

1

1Mi,MagneTek Controls 1080 N. Crooks Rd.. Qawson. Michigan 48017-1097
Phone: 313 435 0700 Easytif*: 628 32092
Fax: 313 280 1544 Te)«x:235359



SECTION

7010
PAGE 4

LIQUID LEVEL:
FLOAT SWITCHES uMagneTek Controls

B/W Controls

CATALOG NUMBERING SYSTEM

7010-

Catalog
Section

Float Size
Diameter

W

Switch Type
Running Current (Amps)
120 VAC 240 VAC

Operating
Angle

Ust
Price

20.0
Wide Angle N.Q. or N.C.

15.0 120° $82.00

1.0
15.0

Narrow Angle N.Q. or N.C.
0.7

11.0
15°
10°

$71.50
$78.50

15.0
Narrow Angle SPOT
11.0 18° $110.00

Note: When using 8|W relays, specify Type G Switch.
Switches stocked in 20 foot lengths.

B

Contact Arrangement
N.O. — Normally open for

Pump Down___
N.C. — Normally closed
____for Pump Up
S.P.D.T. — Single Pole

Double Throw
for both pump
up or pump
down

•Applies only in "W" switch types.

S.P.D.T. Contact
Configuration

-BLACK

20
Cord Length

20 ft. is standard

•20

Specify other special
length_______

Ust
Price
No

Addition
Add$1.25/ft.*

Over 20 ft.

• WHITE

"Special lengths must be ordered in
quantities of 50 units or more.

ACCESSORIES

Roat Switch Weight
(20 ounces)
Part No. 12-085000
Ust Price $12.00

W Cord Grip for
Single Roat Switch Part
No. 12-084900
Ust Price $12.00

Wail Mount Bracket For
up to 4 Roat Switches
Part No. 12-085100
Ust Price $29.00

Wall Mount Bracket For
Single Roat Switch
Part No. 12-085200
Ust Price $9.50

MMagneTek Controls
B/W Controls

1080 N. Crooks Rd.. Oawson. Michigan 48017-1097
Phone: 313 435 0700 EasyUnk: 628 32092
Fix: 313 2801544 Tetox: 23 5359

DISCOUNT SCHEDULE LL1
PrteM Subfccl to dang* Without Node*

Form 520 2JM2/88



EQUIPMENT NO.

NAME

LOCATION

EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

SS1-X8

WET WELL FLOW INDICATORS

WET WELL

MANUFACTURER Badger Meter Inc.

DISTRIBUTOR

DESCRIPTION

MAINTENANCE

COMPONENT PARTS

SPARE PARTS

W.R. Frew
Cincinnati. Ohio
513-561-3669

Badger Inc. flow indicator. Model OP. 2" 0.____
bronze body. Kynar piston, flanged ends, range
20-100 gpm. equiped with : Model PFT-420 flow
transmitter: remote reading Model ER-7R single
indicator for flow rate (to be installed @ wet welD:
remote reading Model ER-7R single indicator for
totalization (to be installed @ treatment plantl

1
I
i
1
I
1
I
I
I
I
i

I
i
I
I
I
I
1



Model OP Chemical and Sanitary

Industrial Oscillating Piston Meter

GENERAL
Badger's positive displacement meters, model OP are one of
the most cost effective methods for metering process fluids in
the chemical, pharmaceutical and food industries. The simple
but efficient design of the OP meter generates high accuracy
and repeatability over the entire meter flow range. Magnetic,
"through the wall* transmission, prevents operator exposure
to corrosive fluids and protects the fluid from external contami-
nation.

Offered in three sizes, 1/2", 1" and 2", for flows up to 100 GPM,
these meters are extremely rugged, reliable and need little
maintenance and calibration. With only three internal moving
parts, maintenance is seldom required. If necessary, it takes
but a few minutes. All parts are designed and built of materials
recommended for your application, providing you with a long
life, trouble-free, precision flow meter. All sizes of the meter
are offered in chemical and sanitary, 3A approved, configura-
tions with a wide variety of end fittings to match your piping.
Their compact design and mode of operation allows for
installation in tight spaces and in any position.

To complement the OP meter line. Badger offers a complete
line of accessories that includes mechanical, pneumatic,
electromechanical and electronic transmitters, totalizers, in-
dicators and batch/process controllers.

OPERATION
The meter function is based on the continuous filling and
discharging of the measuring chamber (positive displace-
ment). Controlled clearances between the piston and the
chamber insure minimum gap leakage for precise measure-
ment of each volume cycle. As the piston oscillates, its' center
hub rotates a magnet, whose movement is sensed through
the meter wall by electromagnetic sensors or by a follower
magnet. Each revolution of the magnet is equivalent to a fixed
volume of fluid, which is converted to any engineering unit of
measure for totalization, indication or process control.

Plilon

Pickup
A*M<nMy

Tr»n»mit»ion
Elcirwnt Port

Partition
PIMt

Badger Meter, Inc.
Industrial Division

MATERIALS OF CONSTRUCTION

BODY MATERIALS:
316 SS (raised face flanges)

Brass (flat face flanges)

PISTON MATERIALS:
Polypropelene (hi or low temp.)

Kynar (hi or low temp.)
Ryton (one temp.)

Carbon (one temp.)
Kel-F (hi or low temp.)

"O- RING MATERIALS:
Buna N

EPR
Viton

Teflon
NPR
Butyl

BUSHING MATERIAL:
MAGNET CASING:

CONTROL ROLLER:

1/2"

X

X

X

X

X

X

x
Y

X

1"

X

X

X

X

X

X

X

X

X

X
x

2"

X

X

X

X

X

X

X

X

X

X

X

x ; x
X I X

Rulon
Alloy 20
Alloy 20

Bulletin No. ITB-050-06
Apnl 1992



1/3'OP

A
B
C
0
E
E'
E"

1/2'

4.3V
2.32'

1.75'
6.75'
6.75'
6.75'

6.16'
3.81'

15.83'
2.87'

11.DO-
11.00'
11.00'

2'

6.63'
5.56'

16.21'
3.001

12.62'
11.81'
12.13-

* Tri-Clamp/Cherry Burrel
" IMOA
Dimensions shown are ol meter with angle
drive and PC meter mount or with rear drive
and transmitter.
Dimensions for other system configurations
may vary slightly. Please consult with factory

OPERATING & PERFORMANCE SPECIFICATIONS

Minimum Flow Rate, Q Minimum:
Continuous Operating Maximum Rate:
Short Duration Maximum Row, Q Maximum:

Continuous operation is acceptable at these rates
but accelerated wear of the piston and/or bushings
may occur.

1/2"

1 gpm
4gpm
6 gpm

1"
5 gpm

20 gpm
30 gpm

2"
20 gpm
65 gpm
100 gpm

Standard Flange Connections', Chemical:
Standard Connections, Sanitary:

Sanitary OP meters have 3A approval,
Polypropelene (1' 4 2' only) or Kynar
piston is required.

150/300* psi ANSI 16.5
Tri-Clamp

150 psi ANSI 16.5
Tri-Clamp
IMDA threaded
Cherry Burrel I or Q

150 psi ANSI 16.5
Tri-Clamp
IMDA threaded
Cherry Burrel I or Q

• 1/2" Chemical meter can be ordered with r flanges lor low flow applications on 1' lines.
All sizes available with optional 300 psi flanges.

Pressure Drop at Maximum Flow:
(@ viscosity & specific gravity of water)
Maximum Viscosity Limit:
Maximum Operating Pressure:
Maximum Operating Temperature:
Minimum Operating Temperature":
"Minimum temperature for staled accuracy
Accuracy:
Repeatability:

1.7 psi I 4 psi | 8 psi
Pressure loss increases with fluid viscosity
10,000 cps (flow range is decreased as viscosity increases)
150 psi for 316SS -100 psi for Brass
250° F on high temp, pistons /120° F on low temp, pistons
Limited by piston material, recommended 40° F

± 0.5% over entire meter flow range
± 0.2% or better under similar repeatable batch operations

(Metric Conversion: psi x 0.0703 = BARS gpm x 3.785 » liters per minute °F - 32 x .555 = °C

.7 .8 .9 1 4 5 6 7 8 910 20 30 40 SO 60 100

1%
.5%
.5%
•1%

G A L L O N S P E R MINUTE

ACCURACY CURVES Accuracy tested in ambient temperature. Higher accuracy may be achieved with more viscous fluids.

Badger Meter, Inc. Industrial Division
4545 W. Brown Deer Road, P. O. Box 23099 Milwaukee, Wl 53223-0099
Telephone: (414)355-0400 • Voice Mail: (414) 355-0410, Extension 637
Fax: (414)355-7499 • Telex: WU 2-6757-RCA201313

All rights reserved.
All data subject to change without notice.
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Model ER-7 & ER-7/R (Remote)
Digital Resettable Totalizer or
Digital Rate of Flow Indicator

Technical
Brief

GENERAL
Badger's Model ER-7 register is a meter mounted tota-
lizer/rate indicator designed for use with Badger's
HPV™ series of flow meters. The ER-7/R is the remote
version and can be used with any Badger flow meter
when equipped with compatible unsealed pulse trans-
mitters. A rear adapter plate is provided with the remote
version for attachment to a wall or other suitable sur-
face. The ER-7 series registers are available with one
or two indicators. Either indicator can be programmed
as a rate-of-flow indicator oj[ as a resettable totalizer. I
you require simultaneous display of rate-of-flow and to-
talization, you must order the register with two indica-
tors.

The registers are battery powered. They get their input
pulses from the proximity sensor located within the HPV
meter or from the meter pulse transmitter, if you are us-
ing the remote version. Proximity sensors and other
electronic sensors with open collector outputs must be
externally powered.

DESCRIPTION
The indicators utilize the latest LSI technology. They
have crisp, 8 digit numeric LCD displays. Step by step
programming is similar to programming a digital watch,
and can be done from the front panel. Upon completion
of the procedure, reprogramming can be inhibited by re-
positioning a jumper located on the rear of the unit.

When the indicator is programmed as a totalizer, the
display can be reset to zero from the front panel switch
or from an external switch wired directly to the rear con-
nector. The front panel reset button can be inhibited by
repositioning a rear jumper.

A programmable pre-counter allows you to indicate in
any engineering unit of measure. (Gallons, pints,
pounds, etc.) You can read to the nearest 0.1 or 0.01
unit depending on the type and size of the flow meter.

Operation
Fluid flowing through the meter causes pulses to be
generated by the sensor or transmitter. Each pulse rep-
resents a specific volume of fluid. Using the 1* HPV me-
ter as an example, 444 pulses are generated every time
one gallon of fluid passes through the meter. If you pro-
gram the pre-counter for 0444, the least significant digit
on the display will increment once every time the regis-
ter counts 444 pulses. You would be able to measure to
the nearest gallon.

ER-7-R with rear adapter plate

Features

• All Solid State Components For Long Life

• Displays Are Battery Powered For Memory
Retention

• Corrosion Resistant Plastic Housing Built To
NEMA 4X Specifications

• Programmable For Rate of Row or Totalization

• Programmable Pre-Counter

• Front Panel Totalizer Reset Switch Can Be
Disabled

• Front Panel Programming Can Be Inhibited

BadgerMeterJnc. Industrial Division
4545 W. Brown Deer Road, P.O. Box 23099, Milwaukee, Wl 53223-0099

(414)355-0400 Fax:(414)355-7499 Telex: WU 2-6757 - RCA 201313



« —————— 4.60 ————— >

't ——————— r;1 "

4.60

, , 1
1 __ ltrL-41' __ 1

A ,

-1
•̂ =^=^7 i

< — -c- — >

M —
1.43- «—

_J

1

'

•
1

Count Inp
Re

Reset Enabk
Commi

— »

1

mm
•

**i

I3""! ^^^^^

D irirat •WITCH

Meter Size 'A' "B" *C*
- 1 1* 9 94 1 42 2 SO• •»••»— T 1 <-Tfc fcv^W
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HPV Meter Mount Configuration
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Optional Resat Enafate Switch
Open: Disable front panel reset switch
Closed: Enable Iron! panel reset switch

1 1

*
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N HPV
Meter
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Close lo reset front panel display
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ER-7 & ER-7/R SPECIFICATIONS
POWER SOURCE:

Indicators: 3 volt Lithium battery lasting up
to 8 years.

DISPLAY: Eight digit LCD with .35' high
characters

OPERATING TEMP:
Indicator: 32°Fto167°F

ACCURACY: ±.01%, ±1 DIGIT for RATE

INPUTS: Low speed (reed Switch) input
can operate up to 25 counts per
second.

High Soead (electronic sensors)
input can operate up to 5000
counts per second when driven
with a 50% duty cycle.

REMOTE RESET:

TYPES: TTU CMOS, open collector
sink, relay contact to common,
magnetic pickups having > 2.0
VOLTS peak output into 10KH
load or any signal source that
can supply the following DC
voltages:
Input HIGH is > 2.0 volts.
Input LOW is < 1.0 volt.
Maximum input voltage is ± 28
volts.
Forces reset when pulled below
1.0v.

HPV it a ragnwrad tfadwwk o( E w.lnc Al right raMMd. Al d«*uib|Kilo ctang* wMwul no** Ba)g«r U«*r. Inc 1890
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53400-032

Model FT-420 & PFT-420
(Two-Wire, 4-20 ma DC and Pulse)
Flow Transmitter

Technical
Brief

General

The model FT-420 & PFT-420 are versatile electronic
flow transmitters for use with Badger's complete line of
flow meters. These solid state units produce a 4*20 ma
DC output signal through a two-wire design. They also
provide a transistor switched pulse-rate signal.

The two-wire, 4-20 ma DC signal is directly proportional
to the flow rate in the meter and is completely isolated,
preventing the formation of ground loops. The signal
has excellent linearity, accuracy and repeatability as
well as being resistant to internal and external electric
interference.

The isolated, pulse-rate signal is generated by an open
collector transistor. It has a square wave format which
provides positive pickup of the flow meter's pulse-rate.

By nature of the electronic pickup, the FT-420 & PFT-
420 significantly reduce mechanical load on the flow
meter extending, in most cases, the operational flow
range and improving the accuracy of the meter.

Applications

In general, these flow transmitters can precisely
condition and transmit flow meter signals for process
control in the chemical, food & beverage, water
conditioning, pharmaceutical and any other industry
where precise measurement and control of fluid flow is
required. Twin outputs can be applied to:

• Totalize and indicate flow
• Batch and regulate flow
• Provide signal to hWowftow controllers
• Signal process computers

Operation

The FT-420 & PFT-420 flow transmitters accept pulse
signals generated by either a Wiegand wire / magnet or by
a reed switch / magnet interaction in the flow meter. The
pulse input is then decoded and standardized by a pulse
form network. A current regulator accepts the standard
signals and converts the pulse rate into a steady current
signal (4-20ma) directly proportional to the rate of flow of
the fluid through the meter; 4 ma representing zero flow
and 20 ma representing full flow ( user can adjust span to
suit application). Power for the device is derived from the
10-60 DC supply, 4 ma "zero* current. Each input pulse is
also repeated on the isolated transistor switch in a square
wave format Two-wire connections are provided for each
of the two signal outputs.

J«M| J*M INDUSTRIAL SUPPl* LIMITED

2899 Staeles Avenue West, Unit 4
Downsview, Ontario M3J 3A1

Tel. (416) 665-2300
Telex 06-217758



FT 420 BLOCK DIAGRAM

PROCESSOR,
INDICATOR OR
CONTROLLER

FLOW METER
W1EGAND WIRE

OR
REED SWITCH

PULSE OUTPUT

i
1
1
1
1
1
I
1
1

GENERAL SPECIFICATIONS

PERFORMANCE

ENVIRONMENTAL

Operating Temperature: -20°F to 250°F
Humidity: 5% to 100% non-condensing
Enclosures: NEMA4&4X

ELECTRICAL

Inputs
Supply Voltage: 10 to 60 VDC
Pulse Input:

Circuit Interface: Transformer isolated
Pulse magnitude: (0.5 to 5 VDC)
Pulse Polarity: Pos. or Neg. @ 200 Hz max.
Alternating pos/neg. pulse @ 100 Hz max.
Switch Closure: 40 to 60% duty cycle @ 100 Hz

Outputs
Digital

Opto-isolator: Open collector transistor
Max. Voltage: 40 VDC
Max. Current: 20 ma @ 0.5 VDC
Pulse Width: 1 millisecond (± 0.1 msec.)
Pulse Rate: Input rate X 2

Analog
Two-wire signal/power
Max. Voltage: 10 to 60 VDC supply
Current: 4 to 20 ma
Max. Load Resistance (ohms) -50+{50x(VDC-iO)]

All rights reserved. All data subject to dung* without notice.

Analog Output
Two-wire (signal/power) circuit interface with
reversed polaruty protection.

Accuracy: Within 0.5% of point (10:1 range)
Repeatability: Within 0.2% of point
Max. Ripple: 0.1 ma @ 10% of span calabration
Response: 3 sec. to within 95% of total change

Operatioinal Drift: Less than 10 microamps
Thermal Drift: Less than 1 microamp per0 C

O.V. Protection: 82 volt MOV, 2.5 watt-sec

Span Adjustment: 10 to 30 ma
Zero Adjustment: 3 to 12 ma
Zero Stability: 3.97 ma to 4.03 ma

REPRESENTATIVE:

1
I
1
1
I
1
1ri
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53400-035

Models FT-420 & PFT-420 series

Digital and Analog Flow Transmitter

Installation &
Operation Brief

Description

The series of FT 420 & PFT 420 flow transmitters are
usually assembled and mounted to the flow meter.
However, they can be retrofitted on top of an already
installed meter, including all magnetically driven models
of OP. Turbo, Disc and Propeller meters. They are
housed in a bronze housing similar to the MSE5 & EPT1
(Model FT 420) transmitters, an aluminum housing
similar to the MSE1 (Models FT 420 1& FT420 R) or a
high impact resistant plastic housing (Models PFT 420,
420/1, 420/2 & 420/R) depending on the meter/
transmitter configuration. See Bulletin IRP-049-02.
ft can also be mounted inside the PC-100 meter
mounted housing.

Operation
The FT 420 & PFT 420 series have both pulse and analog
outputs. The pulse output is generated by an open
collector transistor, and it is equivalent to the scaled
(or unsealed ) pulse rate received from the main
pickup element or retransmitting pulser. The analog
output is a two wire 4-20 ma signal proportional to flow
rate. It is normally calibrated at the factory to
produce 4 ma at zero flow and 20 ma at any flow up
to the maximum flow rate of the meter. Special
calibration can be done at the factory on request
or it can easily be done in the field.

Mounting

The FT 420 or PFT 420 unit directly replaces the
MS-E1 pulse transmitter on Turbo meters and the
MS-E5 on OP, Disc and propeller meters. Depending
on the PFT model selected, a simple plastic adapter
may be required. For Turbo meters, it is necessary
to replace the gear adapter with a Wiegand wire
adapter and make sure that the rotor assembly in
the meter contains a 4 pole instead of a 2 pole magnet.
The transmitter can also be operated in a remote
location (model FT 420/R & PFT 420/R). However,
this can only be done with the following transmitters:
FT1, FT2. PFT2 and MS series transmitters.

METER K FACTOR CHART

M
Size
5/8-
3/4-
r

1-1/2-
2"

1/2"
r
2"
2"
3"
4"
6'
4*
6"
8'

ID-
12-
14-

ater
Model

SC-ER Disc
SC-ER Disc
SC-ER Disc
SC-ER Disc
SC-ER Disc
OP piston
OP piston
OP piston

Turbo
Turbo
Turbo
Turbo
Propeller
Propeller
Propeller
Propeller
Propeller
Propeller

20 ma
atGPM

20
30
50

100
160

5
30

100

160
350

1000
2000
450

1000
1200
1600
2250
3000

Pulses per
Gallon

320.00
265.76
86.88

38.16
20.08

445.92
153.28
41.12
34.72
24.80

5.12
2.16

12.16
3.20
1.79
1.06
0.74
0.54

fj«Ml J'M INDUSTRIAL SUPPUT LIMITED jision
'l 53223

2899 Stwles Avenue Wast, Unit 4
Downsview. Ontario M3J 3A1

Tel. (416) 665-2300 JQ1313
Telex 06-217758



Calibration

The FT 420 & PFT 420 analog signal is calibrated at
the factory, relative to the standard (low rate of the
accompanying meter( i.e. 2" Turbo 4ma at no flow
and 20ma at 160 GPM.) The customer can
recalibrate the unit to suit his own application. To
recalibrate the unit first remove the transmitter cover.
Connect a milliammeter (VOM or Simpson) as shown.
- Connect a pulse counter on the pulse output and count

the number of pulses received in one minute.
(Refer to meter factor table, to determine flow rate).

. Increase your fluid flow to the rate at which 20 ma
output is desired.

- Using a small screwdriver adjust SPAN pot clockwise
to increase analog output and counterclockwise
to decrease it

Example: Pulse counter registers 1260 pulses per
minute on a 2" Turbo meter. A 2* Turbo has a K factor
of 18 pulses per gallon. Thus, 1260/18 -70 GPM.
Customer requires 20 ma at 75 GPM. Therefore, he
adjusts system to increase flow and obtain 1350
pulses per minute (75 x 18). Once this is done the
SPAN pot can be adjusted to 20 ma using the
milliammeter.

WIRING PROCEDURE

Signal Inputs:
The circuit board contains an input terminal block with
three screw terminals. Use terminal #1 & #2 to
connect the two wires from a reed switch
pickup or transmitter such as the two wires
coming up through the OP right angle drive or an
MS series transmitter on a remote FT420/R.
Use terminals #2 4 #3 to connect the Wiegand wire
pickup from a Turbo meter adapter.

Signal Outputs:

The transmitter board has four signal output wires.
A black and a white for pulse output and a red and
orange for the analog output
-Analog Output:
Connect the RED wire to the positive terminal of
the DC supply on the indicator or controller and the
ORANGE wire to the negative terminal
-Digital Output:
Connect the WHITE lead to the positive terminal of
the counter or controller and the BLACK to the negative
terminal.

Zero Span
Wiegad
.Wire

Reed
switch

Milliammeter

8.
Process control or indicator
Maximum loop resistance:

50 ohms plus
(50 x (supply volts -10))

Pulse Output

f Open collector ^
transistor pulse

output
SOVDCmax
10 ma max

Black Pulse counter
White or totalizer

DC power supply I
10-60VDC@30ma

WARRANTY
Badger warrants afl meters and parts manufactured by it and
supplied hereunder to be free from defects in materials and
workmanship for 18 months from date of shipment or 12 months
from date of installation whichever period shall be shorter. If
within such period any meters or parts shall be proved to Seller's
satisfaction to be defective, such meters or parts shall be
repaired or replaced at Seller's option. Seller's obligation
hereunder shall be limited to such repair and replacement and
shall be conditioned upon Seller's receiving written notice of any
alleged defect within 10 days after its discovery and, at the
Seller's option, return of such meters or parts to Seller f.o.b. its
factory.THE FOREGOING WARRANTY IS EXCLUSIVE AND IN
LJEU OF ALL OTHER EXPRESSED OR IMPLIED WARRANTIES
INCLUDED BUT NOT LIMITED TO IMPLIED WARRANTIES
(EXCEPT FOR TITLE) OF MERCHANTBIUTY AND FITNESS
FOR A PARTICULAR PURPOSE Badger shall not be liable for
any defects attributable to acts or omissions of others after
shipment, nor any consequential, incidental or contingent
damage whatsoever.
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EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

EQUIPMENT NO.

NAME

LOCATION

MANUFACTURER

SS1-V4

WET WELL FLOW CONTROL BALL VALVES

WET WELL

Worcester

DISTRIBUTOR

DESCRIPTION

MAINTENANCE

Flow control ball valve, 2" Worcester_________
#CPT 4466PMS EG60, all stainless steel, screwed ends
60 Peg, equipped with: Worcester #2275-4 W 120 VAC
Electric Actuator. NEMA IV Housing. 75% Duty
Cycle Motor; #HQ99 set point controller designed to
accept 4-20MA signal from flow indicator; #MK026
56 mounting kit to couple valve and actuator______

COMPONENT PARTS

SPARE PARTS



Worcester
Controls
A. 8TR Company &

PB-401-26

Series 44 Ball Valves
3-piece ball valves that meet all
requirements for material compatibility,
shutoff, end connections and safety.
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Dimensions are tor layout purposes onry. For tolerances contact Worcester Controls.
Metric dnensore are converted from standard Enghsh.
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How To Order i
,1-

VALVE
SIZE

1 / «tvi-
>/4»
r
1 '/«"

1 '/•"
2"

PRODUCT
SERIES

4

BODY,
PIPE ENDS

1 -Brass
4-Carbon Steel
6-316 S.S.
A-Alloy 20

BALL,
STEM

1 -Brass*
4-Carbon Steel*
6-316 S.S.
7-Monel
A-Alloy 20®
C-Hasteltoy C

SEAT

B-Buna
N-Neoprene
T-TFE
R-Reinforced

TFE
Y-LubetaT"
P-Potyfill®
U-UHMWPE

BODY
SEAL

B-Buna
N-Neoprene
T-TFE
E-EPR
V-Viton®
M-TFE Coated

31 6 S.S.
U-UHMWPE

Use only one letter if body seal
is to be same material as seat.

ENDS ••*

r
SE-Screwed
Pipe Ends (NPT).
Any Sch. Pipet I

Carbon Steel I
Stainless Steel •*•
Brass
Alloy 20 i
Butt Weld Ends

BW1 -Stainless Steel, Sch. 10 «•>
BW4-Carbon Steel. Sch. 40
BWS-Stainless Steel, Sch. 5 >
TE-SoMer/Sweat Ends

Brass-Type K, L, or M copped,
tube
SW-Socket Weld Ends, Any
Sch. Pipet

Carbon Steel ^
Stainless Steel
Alloy 20

SWO-Socket Weld Ends, O.O I
Tube I

Stainless Steel (not available
in 'A' and '/,' sizes) ^

' Carbon Steel and Brass ball are hard chrome plated '
Evamnla- 1 </ * Sanaa AA with "»1ft « « hnriv hall anrl etarn TCP eaate anrl eaalc anrl cnrirat uialrl anrte 4- A II IOC »»h«trf. ,|AB «< «l..mi«iim

•Vrton is a registered trademark of E.I. duPont.
™Lubetal is a trademark of Gariock.
•PotyfHI is a registered trademark of Worcester Controls
®ABoy 20 is a registered trademark of Carpenter Technology

stainless, carbon and alloy steel
pipe, S.P.S. copper pipe and red
brass pipe. '1

Externals: Externals, including handles, are normally constructed of zinc plated carbon steel. Handles are vinyl coated. When required, the body bolts
nuts, follower, adjusting nut and handle nut are also available in stainless steel by special order, and come standard when ordering a 466 valve. Handle*
and stop plate are also standard in stainless steel when ordering a 4AA, or are available on special order with other combinations.
To order a Series 44 for use with:

34 or 36 actuators, prefix ordering code with 'A'. EXAMPLE: 1* A 446 PMSE
39 or 75 actuators, prefix ordering code with *B".

CV

Ball Control]
Valve

Brochure

For sonant Ml
control v*Vw

Caution: Ball valves can retain pressurized media in the body cavity when dosed. Use care when disassembling. Always open valve to
relieve pressure prior to disassembly.
Due to continuous development of our product range, we reserve the right to alter the dimensions and information contained in this leaflet as
required. ^^ Distributed By:

\Worcostor Controls

P.O. BOX 538, 33 LOCKE DRIVE
MARLBOROUQH, MA 017S2
U.SA.
(500)481-4800 TELEX 6817563
FAX (506) 481-4454

20 MIO-OOMINtON ACRES
SCARBOROUGH, ONTARIO CANADA
M1S 4AS
(416)296-1671 TELEX 065-25135
TELEFAX (416)296-8330 Printed in U.S.A. 8/91 17M HF,

i
i
,1



c

c

AUTOMATION
PNEUMATIC AND
ELECTRIC CONTROLS

Eaay automation it assured by our S»ri«* 39 pneumatic
or Series 75 electric aduatora. Both e/e oeckeo" by our
•xe/us/v* two-year wmmnty. The Series 39 actuator ia the
toughest and most vtraarile rotary actuator available Post-
lioners (Induding electro-pneumatic) tail-safe feature, and
mechanical and proximity limit switches provide ON/OFF
or proportional control to your system with the feedback
you require. Refer to Bulletin No. P8302.
Mount a Series 75 electric actuator and you have a high
performance control valve package specifically designed
tor computer or PIC control. For proportional control, the
Series 75 can work with digital or analog control loops. A
variety of options allows you to select the performance cri-
teria and feedback information you desire. The Series 75
Is available with NEMA I. rv. VII or IX enclosures. Refer to
Bulletin No. PB730.
Worcester valves represent a profound Improvement over
traditional globe and rotary vatvea that use heavy linear
actuators, crank arm* and associated linkage. Ntoreester
has etfmffMted s/pnWeant hysteresis and assured nv
pe*ttbfY/fy DK powertna through * nottdfy clamped, Jn>
tin* stem. AH */>«/» ope/ate together; actuator, posA
ttoner, v*rVe stem, the desjgn ateo elfmmefee s/de load
on ine mtoe stem beeeiree components (ve/ve, actuator,
pofHIontr) are mounted aymmelrieem/ and wefe/its are

Th/a eitfentfv waive stem eeef Mr*
ve/ves.

APPLICATIONS

Steam Control
Pressure Control
Flow Control
Temperature Control
Level Control
PH Control
Low Row Control
High Abrasion Fluids
Heat Transfer Fluids
Slurry Control
Paper Stock
Water Hooding
Oxygenation
Food, Chemicals, Petroleum

** TOTftL PflGE.12 **



The HQ99 Controller
Compact, reliable control for
a variety of applications.

Simple controller
adjustments.

Prewired assembly.

Balanced,
small
package.

HQ99 Controller board assembly.

Motor with overload protection.

— Optional feedback pot. for valve
position indication or 4-20 mA
position indicator. I
Limit switches for auxiliary circuits.

Enclosure in NEMA IV or VII.

Manual override.

i

1

1

1

Optional
"set-point control
(potentiometer).

The new HQ99 solid state, electronic controller adds a new
dimension to streamlining single loop process control. It is a
cost effective solution to on-site control where there is no
central control room for instruments and allows the set-point
adjustment to be located where most convenient
Unique to the market, the HQ99 is a rugged, sensitive controller
which when combined with an electric actuator, provides com-
plete control function. The circuit board mounts inside the
housing of the Worcester Controls Series 75 Electric Actuator
and does not require its own special housing. The unit is
protected by the actuators' NEMA IV and VII rated enclosures.
Because the HQ99 is inside the control valve actuator, excess
wiring is saved as well as the cost of a separate controller
housing and the positioner function is eliminated, thus creat-
ing a simplified control loop.

The HQ99, in conjunction with an internally or externally
mounted set-point potentiometer unit, can regulate tempera-
ture, pressure, level, flow or any other process variable whose
status can be transmitted via a variety of electric signals (see
specifications). Solid state circuitry insures reliable, efficient
service with energy savings.
The Series 75 Electric Actuator offers operational dependabil-
ity and rugged compact design. It is available in six sizes
offering torque outputs from 150-3000 in. Ibs. A variety of
NEMA enclosures and other electrical and mechanical op-
tions fit this actuator to the application. The HQ99 is optional
equipment for the Series 75. A dual or single feedback poten-
tiometer for remote position indication and limit switches for
auxiliary circuitry are also available as options. Whether it
is a hazardous, remote or difficult service, Worcester
Controls can provide you with the process package you
need for complete, accurate control.

1

1

I

I
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1

1
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Principle of Operation
Typical Individual Process Control Loop

Internal Set Point Control

m

CONTROL ROOM

SENSOR
INFORMATION
SIGNAL

VALVE
POSITION
SIGNAL

SET-POINT
CONTROLLER

SENSOR
DATA

TRANSMITTER

SENSOR

VALVE
POSITIONER

VALVE

As Modified with Worcester's HQ99 Inside Actuator Housing

NEMA IV Externally Mounted
Set Point Control

NEMA VII Externally Mounted
Set Point Control

CONTROL ROOM

' LOCAL OR
, REMOTE
» SET-POINT
, POTENTIOMETER

SENSOR INFORMATION SIGNAL

SENSOR
DATA

TRANSMITTER

SENSOR

VALVE

Control Loop Configuration
These two schematics illustrate the difference in process
control loop configuration with and without Worcester's HQ99
Controller. The first schematic illustrates a typical process
control loop. The signal from the sensor must pass through
the set-point controller in the control room and the valve
positioner before it finally reaches the valve and actuator
package and affects valve position.
The second illustration shows the loop configuration simplicity
gained by using an HQ99 Controller inside the actuator hous-
ing. The sensor signal follows a direct path to the HQ99. and
the control loop is streamlined due to the combining of con-
troller and positioner functions. The HQ99 Controller is com-
pletely protected inside the actuator's NEMA rated housing,
and the set-point potentiometer may be located remotely or
at the valve, or both, with a bypass switch for remote or local
operation.

How H Works
The electric signal from the sensor (measuring element) is
fed directly into the HQ99. The HQ99 reads this input signal,
and compares it to the desired set-point of the process, which
is controlled by a remote or local potentiometer. A set of limit
points, one above and one below the set-point, define an
electronic "window" for the HQ99. As long as the process
variable's difference from the set-point falls within this window,
the HQ99 will send electronic pulses to the actuator to correct
the valve's position. If the deviance from the set-point falls
outside the window, the HQ99 sends a continuous signal to
the actuator, which will move the valve at a faster speed until
the error falls within the window. At that point the HQ99 signal
changes back to pulse mode until the set-point requirement
is satisfied.
After the valve has completed its movement as instructed,
the HQ99 observes a waiting period during which it compares
the process variable's status to the set-point and makes sure
no further movement is needed. This fast-slow-wait action
allows quick yet stable response to process requirements.



HQ99 Adjustable Control
Pulse

Window Adjust Null

Specifications
Input Signals: Set-point

1KPot. For
others, consult
factory

Operating Voltage:
Independent Linearity:
Resolution:
Oeadband:
Hysteresis:
Temperature:

Set Point
Potentiometer:

Duty Cycle:

Sensor
4-20 mA
1-5mA
10-5mA
135 Ohms
IKOhms

120 VAC
0.5% of span
0.5% of span
0.4% of span
0.5% of span
-40°F (with heater and
thermostat) to 115°F
Standard Set Point Pot. (1 K)
Mounted inside the actuator at
the factory.
Specify 75% or 100% duty
cycle for actuator

The HQ99 has several basic adjustable controls that allow flex-
ibility in operation:
Zero Adjust:

Adjusts the HQ99 to match the minimum value of the sensor
data transmitter's signal.

Span Adjust:
Adjusts the HQ99 to match the maximum value of the sensor
data transmitter's signal.

Null:
Allows the increase or decrease of deadband about the
set-point to inhibit spontaneous action of the controller by
electrical noise.

Control Action Adjustment
These two controls adjust the manner in which the HQ99
responds to a change in signal.
Pulse Control:

A two-part control, which adjusts the on-time and off-time
of the unit in the pulsing mode. This adjusts the effective
speed of the unit while it is operating inside the "window."
Both on and off times can be adjusted to fine tune the unit
to match system requirements.

Window Control:
A control which adjusts the width of the "window." The
window defines limits around the set-point at which the
unit changes from slow to fast action. Outside the window,
response is fast. The smaller the window, the faster the
response. The larger the window, the more stable the unit.

Power Consumption:

Characteristic:

Options:

Ordering Instructions:
• Actuator Size
• Power Supply
•Set Point Location

Internal
External
Optional NEMA IV
external housing
Optional NEMA VII
external housing

8 watts plus actuator power
requirements

Linear

Feedback potentiometer position
indicator, 4-20 mA (single or dual)
NEMA VII or IV external box for
set point potentiometer.

When ordering, specify:
• Sensor Signal
• Standard Set Point

Potentiometer (1K)
or other (specify
requirements)

Due to continuous development of our product range, we reserve the right to alter the dimensions and information contained in this leaflet as
required.

Worcester Controls Distributed by:

P.O. BOX 538. 33 LOCKE DRIVE
MARLBOROUQH, MA 017S2
U.S.A.
(SOB) 481-4800 TELEX 8817563
FAX (SOB) 481-4454

20 MBJ-DOMINtON ACRES
SCARBOROUGH. ONTARIO CANADA
MIS 4A5
(416)296-1671 TELEX 065-25135
TELEFAX {416) 2964330 Printed in U.S.A. 3/90 10M WR
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EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

EQUIPMENT NO.

NAME

LOCATION

MANUFACTURER

DISTRIBUTOR

DESCRIPTION

MAINTENANCE

COMPONENT PARTS

SS1-V6

WET WELL SAMPLING VALVES'

WET WELL

2-inch/I/2-inch steel tee fitting with 1/2-inch
sampling ball valve________________

SPARE PARTS



EQUIPMENT NO.

NAME

LOCATION

MANUFACTURER

EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

SS1-X10

WET WELL CHAMBER COVER

DISTRIBUTOR

DESCRIPTION Bilco pit door, size 2'-6" x 3'-0" Model O-3.Iockable

MAINTENANCE

COMPONENT PARTS

SPARE PARTS

1

I
1
1

1

1

1
1
1
1
1

1

J
1
1

J
1

J



EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

EQUIPMENT NO. SS1-X7

NAME WET WELL UNIONS

LOCATION WET WELL

MANUFACTURER _______

DISTRIBUTOR

DESCRIPTION 2-inch, steel

MAINTENANCE

COMPONENT PARTS

SPARE PARTS



EQUIPMENT NO.

NAME

LOCATION

EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

SS1-X11

ACCESS MANHOLE FLOAT SWITCHES

PIPE AND MEDIA DRAIN ACCESS MANHOLES

MANUFACTURER Magnatek Controls. B/W Controls

DISTRIBUTOR

DESCRIPTION

MAINTENANCE

COMPONENT PARTS

SPARE PARTS

NelcorJnc.
5169 Wooster Pike
Cincinnati. Ohio 45226
513-871-2816

Liquid level float switch model 7010 complete with
cord grip and wall mounted bracket__________

i

1
1
1

1

1

1

1

1

1
1

1
1

1

1

1
1
I
1



'MagneTek Controls
1 B/W Controls

LIQUID LEVEL -
FLOAT SWITCHES

I I

7010
PAGE1

^Chemically Resistant PolypHermetfcailtfSealed Mercury
SwitcftProvTdesHIgh Reliability

-—'-- ' '••lr'! 9 • N.
Available

—EasTS Install
ID Pumps And

ftch Ratines Up to 1/2 HP
-<••* * <.

.̂ ^ Maftnolalr f^nntmbs IOBON. croou R«J.. dtwwn. Mw»g«n 48017-1097mm/nagn&eK t+onuuis «»„.: 313 4350700 E«yu*:6ja 32092
ilfm B/W Controls Fax: 313 2801544 TW«x:2353»

OctotMr1984



SECTION

7010
PAGE 2

LIQUID LEVEL
FLOAT SWITCHES

Roat:
Float Dimensions:

Cord:
Cord Size:

Cord Length:
Operating
Temperature:
Operating
Pressure:

Chemically Stable Polypropylene
Length 4.0*
Diameter 3.5"
Strain Relief 1.0"
Multi-conductor PVC
16/3 for S.P.D.T.
1 6/2 for either N.O. or N.C. Operation
20 ft. unless otherwise specified
32°Fto160°F
Materials are rated to 221°F
Pressure tested to 60 feet of water
(26psi.)

Switch Ratings:

Switch Code
Wide
Angle
Narrow
Angle
Narrow
Angle
S.P.D.T.

A

G
L

W

Running Current (Amps)
at 120 VAC

20.0

1.0
15.0

15.0

at 240 VAC

15.0

.7
11.0

11.0

Pump Down Control Using Intrinsically
Safe Ratay Modal S300-S-FI
2 Floats Raqulrad:
Cat No. 7010-G-4-A-20

115V or 230V
50or60Hz -

—— Chassis ground

__T TO PUMP
{- MOTOR

~J STARTER

PUMP ON

PUMP OFF

MMagnefek Controls
B/W Controls

1
1

1

1DESCRIPTION
The BIW Float Switches are mercury-switch actuated .
Iquid level controls, designed to operate pumps, valves, I
chlorinators, multiple pump alternators, relays, contac- •*
tors, alarms and similar equipment for industrial and
commercial use.
A hermetically sealed, axially non-position sensitive
mercury switch Inside the polypropylene float provides
a reliable long lasting level control suitable for most
liquid environments up to 160°F.
The BIW Float Switches provides an ideal pilot device
for the control of all B|W Control relays and control
panels. The polypropylene float, Nitrile Gasket PVC
cable and hermetically sealed mercury switch, provides
an economical liquid level solution for controlling sewage,
effluent many chemical solutions and in other hostile
environments containing oil, grease or other similar
industrial and municipal wastes where dependable liquid
level control is essential.

1

1

J

J

J
FBI Control Using

1500-C-U-S3 B/W Relay

AC
LINE'

0— -0 FILL PUMP
STARTER

<^T | I I I,

2 Floats Required
Cat No. 7010-G-4-8-20

MagneTek Controls
O/M/ ~

1080 N. Crooks Rd.. Qawson. Michigan 48017-1097
Ptwn«: 313 435 0700 EasyUnk: 628 32092
Fax: 313 280 15*4 Telex: 23 5359



SECTION

7010
PAGE 4

LIQUID LEVEL.
FLOAT SWITCHES uMagneTek Controls

B/W'Controls

CATALOG NUMBERING SYSTEM

7010-
Catalog
Section

w

4
Float Size

3V4* Diameter

Switch type
Running Current (Ampa)
120 VAC 240 VAC

Operating
Angle

WldeAngteN.OiorN.C.

Ust
Pfice

20.0 15.0 120° $82.00

1.0
15.0

Narrow Angle N.O. or N.C.
0.7

11.0
15"
10*

$71.50
$78.50

Narrow Angle SPOT
15.0 11.0 18* $110.00

B

*C

Contact Arrangement
N.O. — Normally open for

Pump Down
N.C. — Normally dosed

for Pump Up
S.P.D.T. —Single Pole

Double Throw
tor both pump
up or pump
down

•Applies only in "W" switch types.

S.P.D.T. Contact
Configuration

Note: When using B|W relays, specify Type G Switch.
Switches stocked in 20 foot lengths.

20
Cord Length

20 ft. is standard

•20

Specify other special
length_______

List
Price
No

Addition
Add $1-25/tt.-

Over 20 ft

RED-
"Special lengths must be ordered in

quantities of 50 units or more.

Float Switch Weight
(20 ounces)
Part No. 12-085000
Uat Price $12.00

ACCESSORIES

W Cord Grip for
Single Float Switch Part
No. 12-084900
Uat Price $12.00

Wall Mount Bracket For
up to 4 Float Switches
Part No. 12-085100
Uat Price $29.00

Wall Mount Bracket For
Single Float Switch
Part No. 12-085200
Ust Price $9.50

MMagneJek Controls
'B/WControls

1080 N. Croofci Rd.. ClawMn. Michigan 48017-1097
Phont: 313 435 0700 EasyLink: 628 32092
Fax: 313 280 1544 Wwt: 23 5359

DISCOUNT SCHEDULE U.1
Sublet to Change WNhoul None*
Form 520 2JM2/B8



EQUIPMENT NO.

NAME

LOCATION

MANUFACTURER

DISTRIBUTOR

DESCRIPTION

MAINTENANCE

EQUIPMENT SPECIFICATION FORM

SUMMIT NATIONAL SITE

SS1-X12

FORCEMAIN _____

COMPONENT PARTS

SPARE PARTS

BETWEEN EXTRACTION WELL AND MANHOLES
AND BETWEEN WET WELL AND TREATMENT
BUILDING__________________________

High density polyethylene (HOPE1)

J.

1
1
1
1
1
1
i
1
1
J
J
J
J
J
J
1
1
J





APPENDIX B

ALLOWABLE WET WELL SHUTDOWN PERIOD
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TO: Mike Mateyk REFERENCE NO. 2372-20/af

FROM: Richard Murphy

DATE: August 26,1992

RE: Allowable Wet Well Shut-Down Period
Summit National Superfund Site

Introduction

The groundwater containment system for the Summit National Superfund Site
consists of an overburden pipe and media drain and a series of six bedrock extraction
wells (refer to Drawing D-l). The extraction wells are situated along the drain
alignment and discharge directly to the drain. Groundwater entering the drain,
from both bedrock and overburden sources, flows to the wet well under the
influence of gravity. The water level at the wet well is maintained at a low level by
pumping, with discharge going to the groundwater treatment system.

In order to perform maintenance on the treatment system, it may be necessary to
temporarily halt the extraction of water from the drain. Cessation of groundwater
extraction from the drain would allow the water level to rise in the drain and the
surrounding overburden. At some point in time the water levels would recover to
a level which is sufficient to induce contaminated groundwater from the site to flow
beyond the range of influence of the drain when pumping resumes. If groundwater
extraction is discontinued beyond the time at which contaminated groundwater has
travelled to the limit of the drain's zone of capture, off-site contamination will
occur.

In order to plan for shut-down of the treatment system without off-site migration of
contaminated groundwater it is necessary to predict how long the wet well can be
shut-down without losing hydraulic containment in the overburden. This
document presents an evaluation of the allowable wet well shut-down period.

Methodology

The determination of the allowable shut-down period for the wet well requires the
estimation of two quantities. First, the rate of groundwater flow into the drain from
both overburden and bedrock sources. Second, the available volume of
groundwater storage in the overburden in the vicinity of the drain. The allowable
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1
shut-down period is equal to the quotient of the storage volume divided by the flow
rate. I

The flow rate into the drain is equal to the sum of the flows from the overburden
and bedrock zones. In order to ensure a conservatively high estimate of the I
combined flow to the drain, the steady-state flow rates from both zones are utilized.

The predicted total flow from the bedrock wells is six gpm (6 wells x 1 gpm/well), as I
presented in the 30% Design. It is assumed that these wells would continue to
operate during a period of wet well shut-down. I

The predicted total flow into the drain from the overburden is 36 gpm (Design
Criteria Document). This flow is comprised of 26 gpm of baseflow and 10 gpm of i
infiltration. The use of 26 gpm for baseflow is conservative because it incorporates J
the following three assumptions.

• The flow entering the off-site side of the drain is equal to that entering the ,J
on-site side;

I

• The flow rate into the drain is uniform along the entire length of the drain; and —'

• The flow into the drain does not vary as the water level rises in the drain during
wet well shut-down. *•'

The hydraulic head drop inducing flow into the off-site side of the drain is expected
to be less than 50 percent of that on the on-site side. Thus the flow entering the ""
off-site side is expected to be less than the estimated value.

The bottom elevation of the drain rises in both directions away from the wet well. w

The saturated thickness contributing flow to the drain at the edge of the drain's zone
of influence is assumed to be 26.5 feet, but actually reduces to approximately 15 and _
10 feet at the west and east extremities of the drain, respectively. Thus the average
flow into the drain along its length may be overestimated.

Once the wet well is shut down, the water level in the drain will rise. This
increased head in the drain will reduce the hydraulic gradient towards the drain and
hence reduce the flow into the drain from the overburden. _

The total flow into the drain during a wet well shut down is therefore
conservatively estimated to be equal to 42 gpm (36 gpm from the overburden plus —
6 gpm from the bedrock wells).
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The available volume of groundwater storage is proportional to the allowable water
recovery level in the drain. The higher the water level can be allowed to recover
without loss of hydraulic containment, the greater the duration of the allowable
shut-down of the wet well. For the purpose of this evaluation if was conservatively
assumed that the water level could only recover to the static water level at the
southern limit of the drain's zone of influence (200 feet beyond the drain) without a
loss of hydraulic containment.

In the RI, this "downgradient" water level was determined to be approximately
1072 feet AMSL based on an observed water level of 1062 feet AMSL at MW-19 in
September of 1986. Evaluation of more recent water level data (October and
December of 1991) presented in the Technical Memorandum: Groundwater and
Surface Water Characterization (CRA, 1992 - Table TM4-1) and the borehole log for
MW-19 indicate that a more representative water level at MW-19 is 1072 feet AMSL.
The corresponding down gradient water level is approximately 1078 feet AMSL (see
Figure 4-6).

Examination of Drawing D-3 reveals that allowing the water level in the drain to
rise to 1078 feet would result in saturation of the backfill material along almost the
entire drain length. It was felt that this water level was to high given the
uncertainty with respect to off-site water levels when the drain is in operation. The
allowable shut-down period for the wet well was evaluated for allowable water
levels ranging from 1070 to 1076 feet AMSL.

The volume of storage available for a given water recovery level is equal to the
volume of porous media to be occupied by the increased water levels multiplied by
the available porosity (total porosity minus initial moisture content).

The volume of porous media is estimated by calculating the cross-sectional areas
represented in Figure A.I, and integrating along the length of drain which lies
below the water recovery level. This method of calculation incorporates the
following assumptions.

• The rising water table maintains a steady-state shaped profile perpendicular to
the drain alignment;

• The water level varies linearly parallel to the drain alignment; and

• The top of bedrock surface lies parallel to the drain elevation along the drain
alignment and is horizontal in the direction perpendicular to the drain
alignment.

Further assumptions that were made in this analysis include:



August 26,1992 Reference No. 2372-20
-4-

• The water level in the drain prior to wet well shut-down is coincident with the
top of the bedding material in the drain (this probably overestimates the initial
water level and hence results in underestimation of the available storage
volume);

• The drain slope east of the wet well is constant at 4.3 % until the top of bedding
material elevation reaches 1076 feet AMSL (this results in an underestimation of
the available storage volume);

• The available porosity is equal to 0.2 (i.e. 20 percent of the total porous medium
volume); and

• The drain's zone of influence is constant at 200 feet.

The details of allowable storage volume and shut-down period calculations are
presented as Attachment A.

The allowable shut-down time is estimated to range from one to nine days for water
recovery levels of 1070 to 1076 feet AMSL, as presented below.

Allowable Water
Recover Level, Extent of Drain Water Storage Allowable Shut-Down
Z2 (feet AMSL)_____Below Zfr E (feet) Available, S (gallons) Time, T (days)

1070
1072
1074
1076

210
330
440
560

70,850
177,448
328,373
539,276

1.2
2.9
5.4
8.9

Note: T=S/Q, where Q=42 gpm

An allowable water recovery level of 1072 to 1074 feet AMSL is considered to be a
reasonable estimate of what may be expected when the drain is in operation. The
allowable shut-down period for the wet well is therefore predicted to be
approximately three to five days. This estimate is considered to be conservative
with respect to what may actually be experienced in the field.
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LEGEND ••
_ _ _ _ _ _ _ APPROXIMATE LOCATION OF

FRENCH DRAM

A MONITORING WELL

• PIEZOMETER

109432 HYDRAULIC HEAD, (FT.)

WATER-TABLE COKTOUR LINE, DASHED WHERE
TENTATIVE (COWTOUR INTERVAL « 2 FT. )

FLOW UNE

NOTE All locmiont o« nructurw and

SOURCE Modiiwd from USEPA.

SCALE W FtET
APPROXIMATE

FIGURE 4 - 6
WATER-TABLE MAP
FOR SEPTEMBER 198*
SUMMIT NATIONAL RI



ATTACHMENT A

Calculations
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Calculation of Drain Storage Capacity and Fill Time
Overburden & IA-BR Groundwater Collection
Summit National

08/25/92 jrm
2372

h_avg=-2*( (hlA2-(hlA2-h2A2) -hlA3 (3*

Al: ==> base = 1063.5
———> elevl = 1070
==> elev2 = 1066.5

hl= 6.5
h2= 3
h_avg = 4.964912
l_avg = 1.535087
Al = 307.0

———> E =

==> eff por =

[jrm 18/8/92]

A3 =

210

0.2

A2:

A3:

A2 =

Zl. . .
base =

==> elevl =
elev2 =
hl=
h2=
h_avg =

14.0

1063.5
1090

1066.5
26.5

3
17.87005

Z2. . .
base =
elevl =
elev2 =
hl=
h2=
h_avg =

1063.5
1090
1070
26.5
6.5

18.52020

130.0

A_tot -

V_tot =

S_tot =

flow(gpm)

TIME (DAYS)

451 ft-3/ft

47360 ftA3 soil

9472 ftA3 h2o
70850 gal h2o

42

1.2 <== == Allowable Shut-Down Period



Calculation of Drain Storage Capacity and Fill Time
Overburden & IA-BR Groundwater Collection
Summit National

08/25/92 jrm
2372

h_avg=-2*( (hlA2-(hlA2-h2A2))A1.5 -hlA3 )/(3*(hlA2-h2A2))
[jrm 18/8/92]

330
Al : ==>

——— >
==>

A2:

A3:

==>

base =
elevl =
elev2 =
hl=
h2=
h_avg =
1 avg =
Al =

A2 =

Zl. . .
base =
elevl =
elev2 =
hl=
h2=
h_avg =

1063.5
1072

1066.5
8.5
3

6.188405
2.311594

462.3

22.0

1063.5
1090

1066.5
26.5

3
17.87005

———> E =

==> eff por 0.2

1063.5
1090

1066.5
26.5

3
17.87005

Z2 • • •
base =
elevl =
elev2 =
hl=
h2=
h avg =

1063.5
1090
1072
26.5
8.5

19.04285

A3 234.6

A_tot =

V_tot =

S_tot =

flow(gpm)

TIME (DAYS)

719 ftA3/ft

118615 ftA3 soil

23723 ftA3 h2o
177448 gal h2o

42

2.9 <= Allowable Shut-Down Period
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Calculation of Drain Storage Capacity and Fill Time
Overburden & IA-BR Groundwater Collection
Summit National

h_avg=-2*(

Al:

^ A2:

08/25/92 jrm
2372

(3* (hlA2-h2 A2 ) )
[jrm 18/8/92]

==>
• — >
==>

==>

base =
elevl =
elev2 =
hl=
h2=
h_avg =
1 avg =
Al =

A2 =

Zl. . .
base =
elevl =
elev2 =
hl=
h2=
h_avg =

1063.5
1074

1066.5
10.5

3
7.444444
3.055555

611.1

30.0

1063.5
1090

1066.5
26.5

3
17.87005

——— > E =

==> eff por

Z2. . .
base =
elevl =
elev2 =
hl=
h2=
h_avg =

440

0.2

1063.5
1090
1074
26.5
10.5

19.65315

A3 = 356.6

A_tot =

V_tot =

S_tot =

flow(gpm)

TIME (DAYS)

998 ftA3/ft

219501 ftA3 soil

43900 ft^3 h2o
328373 gal h2o

42

5.4 <====== Allowable Shut-Down Period



Calculation of Drain Storage Capacity and Fill Time
Overburden & IA-BR Groundwater Collection
Summit National

h_avg=-2*( (hlA2-(hlA2-h2A2))A1.5 -hlA3

08/25/92 jrm
2372

Al : ==>
——— >
==>

A2:

A3:

==>

A_tot =

V_tot =

S tot =

base =
elevl =
elev2 =
hl=
h2=
h_avg =
1 avg -
Al =

A2 =

Zl. . .
base =
elevl =
elev2 =
hl=
h2—
h_avg =

A3 =

1287

360479

72096

1063.5
1076

1066.5
12.5

3
8.720430
3.779569

755.9

38.0

1063.5
1090

1066.5
26.5

3
17.87005

493.5

ftA3/ft

ftA3 soil

ftA3 h2o

——— > E =

==> eff por

Z2...
base =
elevl =
elev2 =
hl=
h2=
h_avg =

560

0.2

1063.5
1090
1076
26.5
12.5

20.33760

(3*(hlA2-h2A2))
[jrm 18/8/92]

539276 gal h2o

flow(gpm)

TIME (DAYS)

42

8.9 <== Allowable Shut-Down Period

J
J
J
1
J
J
J
J
J
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Huntingdon Empire Soils Investigations. Inc. Divisior.

GEOTECHNICAL ENGINEERING STUDY
SUMMIT NATIONAL SUPERFUND SITE

DEERFEELD TOWNSHIP
PORTAGE COUNTY, OHIO

I. INTRODUCTION
This report presents the results of the subsurface exploration and geotechnical engineering

evaluations performed by Empire Soils Investigations, Inc. (Empire) for design and construction
of a ground water treatment building at the Summit National Superfund Site in Deerfield
Township of Portage County in Ohio. In addition, this report presents the results of subsurface
exploration and laboratory testing of soils for the temporary treatment facility and waste
consolidation area as well as the testing of surficial soils in other areas. Mr. Steve Whillier of
Conestoga-Rovers & Associates authorized Empire to provide the services as indicated in the
letter of September 2, 1992. We have performed these services in general accordance with our
proposal PD-92-191 dated September 1, 1992. This report specifically addresses the following
topics:

o A brief description of the site and the proposed construction.

o A summary of the subsurface exploration program, which included drilling of five
(5) test borings, and soil sampling, moisture content and in-place density tests at
twenty one (21) locations.

o A laboratory test program that consisted of gradation analysis, natural moisture
content, pH and water soluble sulfate tests.

o A summary of our interpretation of the observed subsurface conditions, including
soil stratigraphy, depths to ground water and rock (as estimated by auger or
sampler refusal), and the results of the Standard Penetration Tests.

o Recommendations for foundation type, allowable soil bearing pressure, bearing
levels, and estimated settlements.

o Recommendations for slab subgrade preparation, site preparation, fill and
backfill, temporary control of water, lateral earth pressure and construction
monitoring.



H. BACKGROUND
Conestoga-Rovers & Associates (CRA) furnished Empire with a geotechnical

investigation plan (Figure 2) revised September 18, 1992. This plan shows the locations of the
existing and proposed facilities, the existing topography and the test boring and sampling
locations. A set of drawings entitled "Groundwater Treatment System" (C-3, C-9, C-10 and C-
13) and dated September 13,1992 illustrate the plan and elevation details of the proposed ground
water treatment building along with its process equipment layout. CRA provided Empire with
a list of the proposed equipment weights which range from 1,100 pounds for Nutrient Tank to
196,400 pounds for Bio Reactor. Empire was also provided with a copy of the following
documents:

o Consent Decree
o Site Specific Health and Safety Plan dated August, 1992
o Record of Decision, Attachment 3 - Summary of Most Representative

Contaminants in Each Media for the Summit National Site
o Technical Memorandum No. 7, Bedrock Profiling
o Well Log for MW-26

The project site occupies the southeastern quadrant of the intersection of U.S. Route 224
and Ohio Route 225 in Deerfield Township. We understand that the site was previously used
to mine coal. The site had been filled with soil and the existing topography is relatively level.
The soils and water at the site are reportedly contaminated. The area is generally covered with
grass, plants and/or brush. Some trees are present at the eastern and southern sections of the
site. Two ponds, identified as East Pond and West Pond on the plans, are present in the central
sections of the site. Stockpiles of fill materials, debris, steel and wood pieces were noted over
the site during our field explorations. Existing grades in the proposed treatment building area
range from about 1090 to 1093 feet.

The proposed ground water treatment building will be a steel framed, pre-engineered,
one-story structure with a finished floor elevation of 1095 feet. The building will consist of
about 30'x40' office area within its western section and approximately 56'x66' treatment area
in its eastern section. The building structure for the office and treatment areas will be 14 and
30 feet high, respectively, above the floor level. Exterior grades will be lower than the finished

BTA-92-205 - Page 2 - 10/07/92



floor elevation of the building. The exception would be at the northeastern corner of the
building where a berm up to 3 feet higher than the floor level is planned. The plans indicate
three sediment and rubble stockpiles in the proposed building area. Column and wall loads for
the proposed building are not available to Empire. The building floor slab will temporarily be
subjected to empty weight of equipments during their installation and maintenance. This weight
is typically up to 4,200 pounds however, sand filter, bio reactor'and liquid carbon weigh up to
20,000 pounds. The equipments will be supported on independent foundations.

HI. SUBSURFACE EXPLORATION
The subsurface conditions in the proposed ground water treatment building area were

explored by drilling three (3) soil test borings, B-l through B-3. Two (2) test borings, B-4 and
B-5, were drilled in the temporary treatment facility and waste consolidation area. Twenty one
(21) borings to a maximum depth of 2 feet were completed to investigate soils/sediments to be
treated. These borings were completed for environmental purposes. The location and the
number of test borings were selected by others. CRA provided Empire with the field layout of
the borings. Test Boring Location Plan (Drawing 1) in Appendix A shows the approximate test
boring locations, B-l through B-5. The locations of the shallow borings are shown on Figure
2 prepared by CRA and revised September 18,1992. These shallow borings in our report have
been identified using grid numbers corresponding to the location drilled.

Figure 2 shows "Top of Rebar Set @ Grid Point S005/E400" at an elevation of 1099.43
feet as a bench mark which is located at the northern site boundary between grids 1-4 and 1-5.
Empire determined ground surface elevations at test boring locations B-l through B-5 using
optical differential leveling survey relative to this bench mark.

Empire advanced test borings B-l through B-5 with an ATV mounted drill rig (CME 55)
using hollow stem augers. Shallow borings were advanced with either the drill rig or A. G.
Penetrometer. Standard Penetration Tests (SPT) and split-barrel sampling of soils per ASTM
D 1586 were performed in the test borings typically continuously to a depth of 10 feet and at
5 foot intervals thereafter. Ground water levels were generally monitored in the augers within
the boreholes immediately after the completion of drilling.
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Test boring logs, which include classification of the recovered soil samples, the SPT N- I
values and ground water observations, are presented in Appendix B. The logs represent our
interpretation of the subsurface conditions based on logs prepared by an Empire geologist. The I
lines designating the interfaces between various strata on the logs are approximate. The
transition between strata may actually be gradual. The "General Information & Key To I
Subsurface Logs" included with the logs in Appendix B explains various terms and symbols.

1
The field in-place density and moisture content of soils determined using a nuclear

density gauge at the twenty one (21) shallow boring locations are attached in Appendix C. I

IV, LABORATORY TESTING J,
Sieve analyses per ASTM D 422 were completed on one (1) soil specimen selected from

each test boring, B-i through B-5, as well as the twenty one (21) shallow borings. Water J,
(moisture) content determination tests per ASTM D 2216 were performed on all soil samples
recovered from test borings B-l through B-5. Six (6) soil specimens from borings B-l through Ji
B-3 were tested for water soluble sulphate and pH. Detailed results of these tests are given in ,
Appendix C. These tests were performed for environmental purposes.

J
J

V. SUBSURFACE CONDITIONS
Our interpretation of the subsurface conditions is based on the soils sampled at the test

boring locations and the results of laboratory soil tests. We assume subsurface conditions are
similar between and away from the test locations. The subsurface logs should be referred to for I
a specific description of the subsurface conditions at each boring location. The following
description of subsurface conditions is general in nature. I

The site was previously used to mine coal and fill materials subsequently have been I
placed to regrade the area. All the test borings revealed fill layers. The twenty one (21)
shallow borings encountered existing fill to the planned boring termination depth of J
approximately 2 feet below grade. Test borings B-l through B-3 drilled within the ground water
treatment plant encountered the fill extending to depths of 13 feet in B-l and B-2, and 14 feet J
in B-3. Boring B-4 at the waste consolidation area encountered fill to an estimated depth of 28

W
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feet. Boring B-5 at the temporary soil treatment facility was terminated within the fill strata at
a depth of 30 feet below the existing grades. The fill material typically consisted of silty clay
containing variable quantities of fine to coarse sand and gravel, and is generally mixed with coal
fragments. The unconfined compressive strength of soils is irrelevant due to being fill materials.

Auger or sampler refusal was encountered in test borings B-1 and B-3 at depths of 13.7
feet and 14.7 feet, respectively. Boring B-2 was advanced by augering to the planned depth of
15 feet and terminated within weathered rock. Boring B-4 encountered spoon refusal within
weathered rock at a depth of 29.1 feet. Based on the well log MW-26 and bedrock profiling
information provided by CRA along with the decomposed rock material observed within the test
borings, we anticipate shale rock at the site. Empire did not perform rock coring at the site.
Information on the depths to rock was obtained only at the test boring locations and may vary
at other locations.

Free standing water was not encountered in the augers at the completion of drilling of
test borings B-1 through B-3. Water was observed in the augers during or at the completion of
drilling in test borings B-4 and B-5 at depths of 27 feet and 20.2 feet, respectively, below
existing grades. In addition, water was observed in the shallow boring at grid 1-2 at a depth of
0.9 feet below grade. The soil samples were noted as being moist. The water level in the
auger, or lack thereof, does not necessarily represent a stabilized ground water condition as the
borehole remains open for a limited time. Ground water observation wells are a more reliable
means of assessing water levels. We anticipate that perched water within the fill may be
encountered at shallower depths during site development.

VI. GEOTECHNICAL RECOMMENDATIONS
A. General

The results of the subsurface explorations and our experience with similar soils indicate
that the development of the proposed treatment facility at the site will require special attention
to geotechnical engineering aspects during the design and construction of the project. A deep
foundation system consisting of drilled piers or driven end bearing piles may be used for the
proposed building structure and equipment foundations.
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Existing fill materials in test borings B-l through B-3 generally extended close to the
bedrock. The fill is predominantly cohesive in texture and varies from a soft to hard consistency
as indicated by the variable SPT N-values. This fill is considered unsuitable for providing
uniform support to the proposed building and equipment foundations, slabs-on-grade, or any
other load bearing structure. This fill may cause unpredictable excessive and/or differential
settlements of the structures. Uniform support for shallow foundations may be achieved by
removal of the existing fill and other unsuitable materials in their entirety, and replacement with
compacted structural fill as necessary. This complete removal and replacement process, in our
opinion, would be cost prohibitive.

As an alternate to the complete removal of the fill, the existing fill materials may remain
in-place within the floor slab-on-grade areas provided the fill is densified and stabilized through
heavy proofrolling to enhance the uniformity and improve the bearing characteristics of the
subgrades. Unstable or inappropriate fill may have to be undercut upon proofrolling, if
necessary. This will not eliminate the potential for floor slab settlement and the owner must
assume the risk of settlement due to additional consolidation of the fill. Elimination of the risk
could also be realized by structural support of the slab by the deep foundation system.

The subsurface soils are moisture sensitive due to fine grained constituents of the soils.
These soils will be difficult to work with during wet or freezing conditions. Perched water
zones or water seepage may be encountered at shallow depths during site development.

Based on the existing topography shown on the site plan and finished floor elevation of
1095.00 feet for the proposed building, the earthwork within the building will generally require
as much as approximately 5 feet of structural fill to bring the existing grades to the design slab
grades. These depths do not include the undercutting and replacement of any unsuitable soils.

B. She Development
Site Preparation

Prior to the start of construction, vegetation, unsuitable soils, existing facilities and debris
should be removed from the proposed slab-on-grade areas. The unsuitable soils include topsoil;
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soils mixed with organics, roots or other deleterious materials; and soft, loose, very wet or
frozen soils.

For slab-on-grade, the cleared areas should be observed by the geotechnical engineer.
This monitoring should include proofrolling of the entire area with a 10 ton static weight non-
vibratory roller or equivalent. We recommend using at least 10 overlapping passes of the roller
in mutually orthogonal directions. The intent of this proofrolling is to detect zones of unsuitable
materials and to improve bearing characteristics of the subgrades. If "pumping" or "weaving"
is observed, the soft, wet or unsuitable material should be removed down to firm subgrade and
replaced with structural fill. Remediation of large areas of stability should include the placement
of a woven geotextile separation material over the subgrade and below the structural fill.
Following proofrolling, the subgrades should be exposed minimally to construction traffic and
adverse weather conditions to reduce its potential degradation.

We anticipate that excavations for grade beams, pile caps and shallow underground
utilities can be performed using conventional open cut technique. Excavations should be
performed in accordance with Occupational Safety and Health Administration (OSHA) standards
for excavations (29 CFR Part 1926). Detailed recommendations for excavation slopes and
supports with related soil classification are presented in the OSHA reference. As defined in the
OSHA standard, the on-site soils will be classified as Type C. OSHA standards indicate that
open excavations less than 20 feet deep in Type C soils may have a short-term maximum
allowable side slope of 1.5:1 (horizontal to vertical). Flatter slopes may be necessary depending
upon the subsurface conditions, including the presence of water, during construction. The
contractor should evaluate and verify soil conditions during construction, and must be
responsible for excavation safety.

Fill and Backfill

Fill placed within building areas should be compacted structural fill. Off-site imported
structural fill should consist of approved crusher run stone, bank run sand and gravel, or coarse
aggregate. The fill material should conform to a gradation similar to that specified in Table 1.
The on-site soils should not be used as structural fill material. The fill should be clean and well
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graded from coarse to fine. It should not contain roots or other organics, debris, deleterious
materials, frozen soils, clay, or stones larger than 2 inches. Fill material should be approved
by the geotechnical engineer prior to construction. Samples of the proposed fill material should
be tested prior to the earthwork operations to determine the classification, the natural and
optimum moisture contents, and maximum dry density of the soil.

TABLE 1
RECOMMENDED GRADATION OF FILL

SIEVE SIZE DESIGNATION

2 Inch

3/4 loch

#4

#200

PERCENT PASSING BY WEIGHT

100

52-100

24-50

0-10

The fill material should be placed in loose layers not thicker than 8 inches. Each layer
should be compacted at optimum moisture content, plus or minus two percent, to a density of
not less than 95 percent of the maximum dry density as determined by ASTM D 1557. The
density of each layer of compacted fill should be tested and approved by a qualified technician
working under the direction of the geotechnical engineer. Additional fill should only be placed
after the test results indicate that the required compaction has been achieved. Fill should not
be placed, spread or rolled while it is frozen/thawing, or during unfavorable weather conditions.

Temporary Control of Water
Free standing water was not observed at shallow depths in test borings B-l through B-3.

Fluctuations in ground water levels generally occur with variations in precipitation, surface
run-off and evaporation throughout the year. The ground water conditions during construction
may differ from those noted during our exploration. We do not anticipate major ground water
problems at the site during earthwork. Perched water within the fill will likely be encountered
at shallow depths during wet periods.

1
1
1
1
1
J
J
J
J
J
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The on-site clays and silts are not likely to yield significant amounts of water due to low
permeability of these soils. Sand seams and layers would allow relatively free drainage of
water. If water is encountered, appropriate dewatering techniques will be necessary during the
construction. We anticipate that pumps with filtered sumps and/or trenches should be adequate
for shallow excavations. The design, equipment, installation and maintenance of water control
methods during excavation and backfill operations should be the responsibility of the contractor.

The on-site soils are susceptible to softening and losing their strength upon absorbing
moisture when they are exposed. Such subgrade degradation often occurs because of excessive
soil moisture, seepage of water and the movement of construction equipment. To reduce the
amount of soil which becomes unsuitable due to high moisture content, it will be beneficial to
perform earthwork at this site during a dry period. Appropriate site grading should be provided
to facilitate drainage of surface water runoff during construction and after completion of the
project.

C. Building and Equipment Foundations
Drilled Piers

The first foundation system recommended to support the proposed structure and
equipments consists of cast-in-place, concrete, drilled piers bearing on competent bedrock.
Drilled piers have relatively high compressive, uplift and lateral load capacities. A single pier
may be used to support a column.

Piers should extend through the fill, native soils, coal and upper weathered rock, and
socketed a minimum of 1.5 feet or one-pier diameter, whichever is greater, into competent
bedrock. We recommend an allowable bearing pressure of 10 tons per square foot for piers with
a diameter of 18 inches or more. Piers should be designed as end bearing and reinforced to
resist moment and lateral loads. Piers should be sized to include the effect of a negative skin
friction of 500 psf over the pier surface area. We anticipate that total vertical settlement of the
pier bearing on competent rock should be limited to elastic shortening of the pier. Depending
on pH of soil and water, the concrete for pier may degrade.
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The drilled pier installation should conform to "Standards and Specifications for the
Foundation Drilling Industry" by the Association of Drilled Shaft Contractors (ADSC). The pier
construction should conform to the requirements of "Standard Specification for the Construction
of End Bearing Drilled Piers" (ACI 336.1) and "Suggested Design and Construction Procedures
for Pier Foundations" (ACI 336.3R). The installation of drilled piers should be continually
monitored and approved by the geotechnical engineer or his designated representative. The
subgrade of the piers should be cleared of loose and weathered rock fragments. The subgrade
should be inspected for the presence of voids in rock. The voids should be filled with grout as
necessary. We recommend that Empire be retained to review the specifications pertaining to
drilled pier construction.

Construction of the drilled piers should be performed by an experienced contractor.
Temporary casings may be required to prevent cave-in of the drilled shaft, reduce ground water
entering the drilled holes and allow thorough cleaning of the bearing surface. The temporary
casing should be seated directly on the bedrock surface. The temporary casing should be
removed by a smooth continuous pull after a sufficient head of concrete has been placed to
preclude adverse effects as a result of shaft squeezing or excess hydrostatic water pressure
outside the casing.

The amount of ground water present at the time of shaft installation will be variable,
dependent upon the soil strata directly above the bedrock. We recommend concrete be drop
placed if no more than two (2) inches of water is present in the rock socket. If a greater depth
of water is present and dewatering proves impractical, concrete should be placed using the
tremie method. Loose spoil or mud left on the bedrock surface inside the casing should not be
more than 1/4 inch thick.

Steel Piles

If removal of the on-site soils is not possible due to their contamination then a driven
displacement foundation system should be employed. End bearing driven vertical steel H-piles
may be used to support the proposed building and equipments. We anticipate that total vertical
settlement of the pile bearing on competent bedrock should be limited to elastic shortening of
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the pile and slight movement (approximately 1/4 inches) of the pile tip. Piles should conform
to relevant ASTM and AISC standards. The maximum allowable load per steel pile driven to
bear on competent bedrock as given in Table 2 has been reduced to include the effects of
negative skin friction due to potential consolidation of the silty clay fill stratum. We recommend
an epoxy or similar coating of the piles to reduce the potential for steel corrosion and negative
skin friction. The material used to coat the piles should be resistant to corrosive effects of the
contaminants present at the site.

TABLE 2
ALLOWABLE DESIGN LOAD PER PILE

HP SECTION GRADE A36

HP 10 x 42

HP 12 x 53

HP 13 x 73

ALLOWABLE LOAD, HPS

40

60
70

The piles should be driven through the Mil, underlying soils and coal to practical refusal
on competent bedrock. Rock as estimated by spoon/auger refusal was encountered at depths of
approximately 15 feet. For preliminary estimates, the approximate average length of piles may
be assumed as 17 feet. Actual driven pile lengths will vary. If necessary, splicing should be
conducted in strict accordance with the manufacturer's recommendations. A maximum of one
(1) splice per pile may be made. The piles should be equipped with a cast steel shoe (such as
Hard-Bite 77600 by the Associated Pile & Fitting Corporation or equivalent) to facilitate
penetration through coal and broken and partially weathered rock, and to provide a broader pile
bearing on "sound" bedrock. To augment the information regarding the type and quality of
bedrock, we recommend that 2 or 3 borings with rock coring be drilled at the site.

For lateral stability, we recommend limiting the allowable horizontal load to 1 kip per
pile. We recommend at least 3 piles for each column unless grade beams or a structural slab
are provided. No resistance to uplift should be considered for the coated portion of the pile
except that offered by the weight of the pile itself.
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We recommend a minimum center to center pile spacing of 3.5 times the pile width
(equivalent diameter). During installation, the pile axes inclination from vertical or the specified
batter should be less than 1 percent unless approved by the structural engineer. The pile cap
bottom should extend at least 4 feet below the lowest adjacent finished exterior grade to inhibit
frost heave.

We estimate that a rated hammer energy of at least 15 kip-ft will be required for pile
driving. The piling contractor should, however, determine the hammer type and energy required
for pile installation prior to bidding for this project. A final set or driving resistance of 20 ^
blows per inch for the last 3 consecutive inches should be achieved. The axial compressive load
capacity of the piles should be confirmed by monitoring the pile penetration during driving. We J
recommend performing at least six dynamic tests with a pile driving analyzer (PDA) during pile
installation. The refusal criteria should be reevaluated after PDA testing and adjusted if J.
necessary to achieve design capacity or limit pile damage.

1
1The pile driving should be performed under the observation of a geotechnical engineer.

The engineer should prepare a report which includes a complete driving record and results of
testing for each pile. The driving record should include location and number of pile, type and I
size of hammer used, type of driving cap, rate of operation of pile driving equipment, ground
elevation, pile length, pile tip elevation before and after cut-off, continuous record of number I
of blows per foot of pile penetration, pile deviation and any unusual occurrence during driving.

We anticipate that the recommended driven piles may result in fewer construction related
problems. We expect that pile driving will be relatively easy to weathered rock. Vibrations J
associated with pile driving may be transmitted to existing adjacent structures and equipments,
if present. The design engineers should determine the permissible vibrations for satisfactory j
performance of equipments and their foundations. We recommend that vibration monitoring
and/or mitigation measures be considered prior to driving to ascertain that peak particle velocity ^
does not exceed the limiting velocities for equipments and structures.

As an alternative to steel H-piles, timber piles may be considered for economics. Timber
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piles should conform to ASTM D-25 specifications. Failure loads for timber piles driven to
practical refusal on competent rock typically correspond to the allowable compressive stress of
timber rather than the bearing capacity of rock. Recommendations for timber piles will be
provided upon request.

Under both the options, a structural slab and grade beams spanning between the pier or
pile foundations may be required for the proposed building. The area under the structural slab
or grade beam may, if necessary, be filled with uncontrolled fill after construction.

D. Slabs-on-Grade
The ground floor slabs may be designed as concrete slabs-on-grade ("floating" slabs).

However, settlements of up to approximately 2 to 3 inches should be anticipated with the slab-
on-grade option due to the presence of deep existing fill at the site. Our slab-on-grade
recommendations are directed at reducing the potential slab settlements and not eliminating them.
If the anticipated settlements of the slab are intolerable then a structural slab to span between
grade beams and piers/piles should be designed.

The slabs should bear on at least a 24 inch thick base course layer consisting of crusher
run stone, gravel or coarse aggregate. The base course should be placed over approved
subgrade. Slabs-on-grade should be designed and constructed in accordance with ACI 302. IR
(Guide for Concrete Floor and Slab Construction). A maximum modulus of subgrade reaction
(kj of 100 pci on top of the base course may be used for slab thickness design. The slabs-on-
grade should be isolated from foundations to allow movement of the foundations independent of
the floor slabs.

We anticipate degradation of slab subgrade soils due to construction traffic. The floor
slab areas should be thoroughly recompacted in mutually perpendicular directions prior to the
placement of the base course and following controlled backfilling of the foundation areas and
utility trenches. This recompaction should be continually monitored and approved by the
geotechnical engineer. Soft/loose or yielding areas should be undercut and backfilled with
structural fill.
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Existing Mil within slab-on-grade areas should be proofrolled in the presence of the
geotechnical engineer or his qualified representative. If the subgrade is soft or if "pumping" or
"rutting1! is observed upon proofrolling, it should be undercut by at least 1 to 2 feet. If marginal
pumping exists after 2 feet undercut, we recommend placing a woven geotextile (SUPAC 6WS
or equivalent) in accordance with manufacturer's guidelines. Local areas of excessive pumping
should be undercut further and backfilled with structural fill. Following the geotextile
placement, the undercut areas should be backfilled with compacted structural fill to the design
subgrade levels.

E. Foundation Walls
Exterior grades around the northeastern section of the building will be up to 3 feet higher

than the finished floor level of the building. Foundation walls, which support unbalanced fill,
should be designed to resist lateral earth pressure at rest using an equivalent fluid pressure of
60 pcf per foot depth. One-half of any surcharge load should be added to this pressure. These
values assume no sloping backfill above the wall and do not include any hydrostatic pressure.
These walls should be water-proofed.

F. Construction Monitoring
A geotechnical engineer should be retained during construction to monitor the removal

of existing facilities, site preparation, the proofrolling of subgrades, the fill placement, the
subgrades for foundations and slabs, and pile driving or drilled pier construction.

A commitment to a strong quality assurance program by the owner and designer may
substantially reduce potential problems during and after the construction of the project. We
recommend Empire Soils Investigations, Inc. be retained to perform the construction monitoring
because of our familiarity with the subsurface conditions at the site.

VH. REMARKS
This report is intended for use by the client and its designated professionals to make site

evaluations and to advance the design of the project. Use of this report for other purposes is
not permitted without the written authorization of Empire Soils Investigations, Inc.
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The evaluations and recommendations of this report are based upon a limited number of
test borings. Soil conditions, particularly fills, change from one point to another. Therefore,
different conditions may be encountered during construcdon in areas outside the test boring
locations. If conditions observed at the site during construction are different than those
described in this report, we should be immediately notified so that we may determine if such
variations will require any changes in the geotechnical recommendations. The recommendations
are based on preliminary information. Empire Soils Investigations, Inc. should be authorized
to review the final site plan, architectural and structural drawings, and specifications to evaluate
their conformity with our recommendations and to determine if any changes to the geotechnical
recommendations are necessary.

This report, in its entirety, should be made available to prospective contractors as a
reference document. We point out to prospective bidders that this report may not be sufficient
to prepare a complete and accurate bid. Under no circumstances should the boring logs be
separated from this report. We disclaim all responsibility and liability for any part of this report
that is removed, quoted or reproduced separately from the entire report. This report has been
prepared in accordance with generally accepted geotechnical engineering practices. No warranty
or guarantee, either expressed or implied, is made. Our scope of services did not include
environmental matters, slope stability analysis, and cost/quantity estimates.

We appreciate the opportunity of service on this project. If there are any questions
regarding the report, or if we may be of further service during the final design and construction
phases of the project, please contact us.

Respectfully Submitted,
EMPIRE SOILS INVESTIGATIONS, INC.

Sunil K. Mital, P.E.
Geotechnical Engineer

Gilbert N. Camp, Jr., P.E.
Senior Geotechnical Engineer
Ohio Registration No. E-S0123
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IMPORTANT INFORMATION
ABOUT YOUR

GEOTECHNICAL ENGINEERING REPORT

More construction problems are caused by site subsur-
face conditions than any other factor. As troublesome as
subsurface problems can be. their frequency and extent
have been lessened considerably in recent years, due in
large measure to programs and publications of ASFE/
The Association of Engineering Firms Practicing in
the Geosciences.
The following suggestions and observations are offered
to help you reduce the geotechnical-related delays,
cost-overruns and other costly headaches that can
occur during a construction project.

A GEOTECHNICAL ENGINEERING
REPORT IS BASED ON A UNIQUE SET
OF PROJECT-SPECIFIC FACTORS
A geotechnical engineering report is based on a subsur-
face exploration plan designed to incorporate a unique
set of project-specific factors. These typically include:
the general nature of the structure involved, its size and
configuration: the location of the structure on the site
and its orientation: physical concomitants such as
access roads, parking lots, and underground utilities,
and the level of additional risk which the dient assumed
by virtue of limitations imposed upon the exploratory
program. To help avoid costly problems, consult the
geotechnical engineer to determine how any factors
which change subsequent to the date of the report may
affect its recommendations.
Unless your consulting geotechnical engineer indicates
otherwise, your geotechnical engineering report should not
be used.

• When the nature of the proposed structure is
changed, for example, if an office building will be
erected instead of a parking garage, or if a refriger-
ated warehouse will be built instead of an unre-
frigerated one:

• when the size or configuration of the proposed
structure is altered:

• when the location or orientation of the proposed
structure is modified;

• when there is a change of ownership, or
• for application to an adjacent site.

Geotechnical engineers cannot accept responsibility for problems
which may develop if they are not consulted after factors consid-
ered in their report's development have changed.

MOST GEOTECHNICAL "FINDINGS"
ARE PROFESSIONAL ESTIMATES
Site exploration identifies actual subsurface conditions
only at those points where samples are taken, when
they are taken. Data derived through sampling and sub-
sequent laboratory testing are extrapolated by geo-

technical engineers who then render an opinion about
overall subsurface conditions, their likely reaction to
proposed construction activity, and appropriate founda-
tion design. Even under optimal circumstances actual
conditions may differ from those inferred to exist,
because no geotechnical engineer, no matter how
qualified, and no subsurface exploration program, no
matter how comprehensive, can reveal what is hidden by
earth, rock and time. The actual interface between mate-
rials may be far more gradual or abrupt than a report
indicates. Actual conditions in areas not sampled may
differ from predictions. Nothing can be done to prevent the
unanticipated, but steps can be taken to help minimize their
impact. For this reason, most experienced owners retain their
geotechnical consultants through the construction stage, to iden-
tify variances, conduct additional tests which may be
needed, and to recommend solutions to problems
encountered on site.

SUBSURFACE CONDITIONS
CAN CHANGE
Subsurface conditions may be modified by constantly-
changing natural forces. Because a geotechnical engi-
neering report is based on conditions which existed at
the time of subsurface exploration, construction decisions
should not be based on a geotechnical engineering report whose
adequacy may have been affected by time. Speak with the geo-
technical consultant to learn if additional tests are
advisable before construction starts.
Construction operations at or adjacent to the site and
natural events such as floods, earthquakes or ground-
water fluctuations may also affect subsurface conditions
and. thus, the continuing adequacy of a geotechnical
report. The geotechnical engineer should be kept
apprised of any such events, and should be consulted to
determine if additional tests are necessary

GEOTECHNICAL SERVICES ARE
PERFORMED FOR SPECIFIC PURPOSES
AND PERSONS
Geotechnical engineers' reports are prepared to meet
the specific needs of specific individuals. A report pre-
pared for a consulting civil engineer may not be ade-
quate for a construction contractor, or even some other
consulting civil engineer. Unless indicated otherwise,
this report was prepared expressly for the dient involved
and expressly for purposes indicated by the dient. Use
by any other persons for any purpose, or by the dient
for a different purpose, may result in problems. No indi-
vidual other than the client should apply this report for its
intended purpose without first conferring with the geotechnical
engineer. No person should apply this report for any purpose
other than that originally contemplated without first conferring
with the geotechnical engineer



A GEOTECHNICAL ENGINEERING
REPORT IS SUBJECT TO
MISINTERPRETATION
Costly problems can occur when other design profes-
sionals develop their plans based on misinterpretations
of a geotechnical engineering report. To help avoid
these problems, the geotechnical engineer should be
retained to work with other appropriate design profes-
sionals to explain relevant geotechnical findings and to
review the adequacy of their plans and specifications
relative to geotechnical issues.

BORING LOGS SHOULD NOT BE
SEPARATED FROM THE
ENGINEERING REPORT
Final boring logs are developed by geotechnical engi-
neers based upon their interpretation of field logs
(assembled by site personnel) and laboratory evaluation
of field samples Only final boring logs customarily are
included in geotechnical engineering reports. These logs
should not under any circumstances be redrawn for inclusion in
architectural or other design drawings, because drafters
may commit errors or omissions in the transfer process.
Although photographic reproduction eliminates this
problem, it does nothing to minimize the possibility of
contractors misinterpreting the logs during bid prepara-
tion. When this occurs, delays, disputes and unantici-
pated costs are the all-too-frequent result.
To minimize the likelihood of boring log misinterpreta-
tion, give contractors ready access to the complete geotechnical
engineering report prepared or authorized for their use.
Those who do not provide such access may proceed un-

der the mistaken impression that simply disclaiming re-
sponsibility for the accuracy of subsurface information
always insulates them from attendant liability Providing
the best available information to contractors helps pre-
vent costly construction problems and the adversarial
attitudes which aggravate them to disproportionate
scale.

READ RESPONSIBILITY
CLAUSES CLOSELY
Because geotechnical engineering is based extensively
on judgment and opinion, it is far less exact than other
design disciplines. This situation has resulted in wholly
unwarranted daims being lodged against geotechnical
consultants. To help prevent this problem, geotechnical
engineers have developed model dauses for use in writ-
ten transmittals. These are not exculpatory dauses
designed to foist geotechnical engineers' liabilities onto
someone else. Rather, they are definitive dauses which
identify where geotechnical engineers' responsibilities
begin and end. Their use helps all parties involved rec-
ognize their individual responsibilities and take appro-
priate action. Some of these definitive dauses are likely
to appear in your geotechnical engineering report, and
you are encouraged to read them dosely Your geo-
technical engineer will be pleased to give full and frank
answers to your questions.

OTHER STEPS YOU CAN TAKE TO
REDUCE RISK
Your consulting geotechnical engineer will be pleased to
discuss other techniques which can be employed to mit-
igate risk. In addition, ASFE has developed a variety of
materials which may be beneficial. Contact ASFE for a
complimentary copy of its publications directory

Published by
Pfm^fm THE ASSOCIATION
••••••• OF ENGINEERING FIRMS
I VM PRACTICING IN THE GEOSCIENCES

8811 Colesville Road/Suite G 106/Silver Spring. Maryland 20910/(301) 565-2733
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GENERAL INFORMATION & KEY TO SUBSURFACE LOGS
The Subsurface Log* attached to ihii report present the observations and mechanical data collected by the driller at the til*, supplemented by
classification of the material removed from the borings u determined through visual identification by technicians in the laboratory, h ii
cautioned that the material* removed from the borings represent only a fraction of the total volume of tbt deposits at the tile and may not
neccsaarily be representative of the subsurface condition between adjacent borings or between the sampled intervals. Tbt dau presented oa
the Subsurface Logs together with the recovered sample* will provide a baais for evaluating the eharaeter of the significance relative to each
other. Often analyses of standard boring dau indicate the need for addiiional testing or sampling procedures to more accurately evaluate the
subsurface conditions. Any evaluation of the contents of this report and the recovered samples must be performed by Professionals. The
information presented in the following defines some of the procedures and terms uied on the Subsurface Lof* to describe the conditions
encountered.

1. The figure* in the Depth column defines the scale of the Subsurface Log.

2. The sample column shows, graphically, the depth range from which a sample was recovered. See Table 1 for a description of the
symbols used to signify the various types of samples.

3. The Sample No. is used for identification on sample containers and/or Laboratory Test Reports.

4. Blows on Sampler - show* the result* of the'Penetration Test', recording the number of blows required u> drive s split spoon sampler
into the soil. The number of blows required for each six inches of penetration U recorded. The first 6 wches of penetration is
considered to be a seating drive. The number of blows required for the second snd third 6 inches of penetration is termed the
penetration resistance, N. The outside diameter of the sampler, the hammer weight snd the length of drop art noted at the bottom
of the Subsurface Log.

5. PH3. Organic vapor measurement* taken wiih a PbotoionizationDetector (PID). Measurement* recorded in parti per million (ppm).

6. Symbol - Material symbol which indicates the type of soil thai was encountered during classification of the recovered soil st the
approximate depth. The symbol indicated represents an approximate boundary between soil types and the transition may be gradual.

7. AD recovered soil samples sre reviewed in the laboratory by an engineering technician, geologist, or geotechnical engineer, unless
note otherwise. The visual descriptions are made on the basis of a combination of the driller's field descriptions snd observations
and the sample as received in the laboratory. The method of visual classification is bssed primarily on the United Soil Classification
(ASTM D 2487-83) with regard to the panicle size and plasticity. (See Table No. II) Additionally, the relative portion, by weight,
of two or more soil types is Burmisur, ASTM Special Technical Publication 479, June 1970. (Sec Table HI) The description of the
relative aoD density or consistent' i* bssed upon the penetration record! ai defined on Table No. IV. The description of the soil
moisture is based upon the relative wetness of the soils as recovered and is described as dry, moist, wet and saturated. Water
introduced in the boring either naturally or during drilling may have affected the moisture condition of the recovered sample. Special

' terms are used as required to describe materials in greater detail; several such terms are listed in Table V. When sampling gravelly
oils with a standard TWO inch diameter spin spooa, the true percentage of gravel is often not recovered due to the relatively small
sampler diameter. The presence of boulders and large gravel is sometimes, but not necessarily detected by an evaluation of the casing
and samplers blows or through the 'action* of the drill rig as reported by the driller.

S. The description of the rock shown U based on the recovered rock core and the driller's observations. The terms frequently used in
the description are included in Table VI.

9. The stratification Fines represent the approximate boundary between soil types and the transition may be gradual. Solid stratification
lines are based on the driller's field observations.

10. Miscellaneous observation* and procedure* noted by the driller arc shown in this column, including %-ater level observations, it is
important to realize the reliability of the water level observations depends upon the soD type (water does not readily stabilize in s hole
through fine grained soils), and that driD water used to advance the boring may have influenced the observation*. The ground water
level typically wfll fluctuate seasonally. One or more perched or trapped water levels may exist in the ground seasonally. AT uit
available readings should be evaluated. If definite conclusions cannot be made, it is often prudent to examine the conditions more
thoroughly through test ph excavations or water observation* wells.

11. The length of core run is defined as the length of penetration of the core barrel. Core recovery is the length of con recovered divided
by the cote run. The RQD (Rock Quality Designation) is the total pieces of NX core exceeding 4 inches in lenglh divided by the
core run. The size core barrel used is also noted.



DATE
STARTED: 5-7-91

FINISHED: 5-7-91

SOILS INVESTIGATIONS INC
LOG

suaF. 6- ev.: 100.0
SH££T 1 OF 1

PROJECT: SAMPLI
PROJECT NO: _____

LOG LOCATION:

CUENT:

son. OR ROCK
CLASSIFICATION NOTES

FILL

WELL GRADED GRAVELS. GW

POORLY GRADEb'G'RAVELST GP'

SILTY GRAVELS.~G~M

aAYEY'GRAVELS". GC" " " " " "

YVELL GRADED" SANDS." sw

PbORLY GRADEb'SANbsrsV "
X

slLTY SAND.VM" - - - - - - - - -
aAYEYsANbrsc" - - - - - - - -

L
r

Water encountered
! a: 4.S feet.

^

INORG. SILT AND VERY F. SAND,
CLAYEY SILT WITH LOW PLASTICITY. ML
'INORG C^YS."GR~A\'ELLY~CLAY, "SANDY "
CLAY, SjLTY CLAY. LEAN CLAY. CL
OR"GAfirc"S"lLTVANblDR"GANrc"slLTY~ ""'
CLAYS OF LOW PLASTICITY, OL
'INORGANICsilfs""M"H - - - - - - - - - - -
'INORG^MC CLAYS OF'HiGH
PLASTICITY. FAT CLAYS. CH
ORGANfc'CXAYS OF MED TO HIGH
pLAsncrrY. OH
PEAT/Ft - - - - - - - - - - - - - - - -

SHALE

SANDST"O"N"E"
SILTSTONY "
UMESTONE "

i

J

j

J

J

J

J

T
RUN: 32.0'-40.0'

REC: 88%
ROD: 66%

ORniE* _________________________
METHOD OF INVESTIGATION: ASTM D-ISSP Using Hollow Stem Augers
WEATHER Sunnv. 70 f______________________

CME.4S

CLASSIFIED BY: By Geologist



TABLE I

Split Spoon
Sample

[T| SbelbyTube
Sample

Auger or Test
Pit Sample

Rock Core

TABLE ID_________________
The following terms are used in classifying
softs consisting of mixtuers of two or more
soil types. Tbe estimate is based on weight
of total sample. ________ _

Term

'and'
•some'
'little*
•trace'

Percent of Total
Sample

35 - 50 5*
20 - 35 %
10 - 20 %

less than 10

(When sampling gravelly soils with a stan-
ard split spoon, the true percentage of
gravel is often not recovered due to the
relatively small sampler diameter.)

TABLE V

Varved

Layer

Seam

Parting

Laminated

Horizontal uniform
layers or seams of
so'il(s).
Soil deposit more than
6* thick.
SoD deposit less
than 6* thick.
Soil deposit less than
»V thick.
Irregular, horizontal
and angled ?«*•»«
and parings of soil(s).

TABLE TABLE IV

Identification of soil types is made on basis of an
estimate of panicle sizes, and in the case of fine
grained soils also on basis of plasticity.

Soil Type

Boulder
Cobble
Gravel-Coarse

-Fine
Sand-Coarse

-Medium
-Fine .

Soil Particle
Size

> 12P

3' - 12'
3' - K'
*' -#4
#4 - #10
#10 - #40
#40 - #200

Silt Non-Plastic (Granular) < ,„
Clay: Plastic (Cohesive)

Course Grained
(Granular)

Fine Grained

Tbe relative compactness or consistency is
described in accord wtb the following terms.

Granular Soils

Term

LOOM
Finn
Compact
Very Compact

Blows
per Foot,

N
< ll
11 -30
31 -50
> 50

Cohesive Soils

Term

Very Soft
Soft
Medium
Stiff
Hard

Blows
per Foot,

N
< 3
3 - 5

6 -15
16-25

> 25

(Large panicles in the soils wil] often significantly
influence the blows per foot recorded during the
Penetration Test.)

TABLE VI

Rock Classification Terms

Hardness:

Weathering:

Bedding:

(Fracturing

Soft
Medium Hard
Hard
Very Hard

Very Weathered
Weathered
Sound
T jmiTia^f^j

Thin Bedded
Bedded
Thick Bedded
Massive

Meaning

Scratched by fingernail.
Scrsthced easily by penknife.
Scracthed with difficult}- by penknife.
Cannot be scratched by penknife.

Judged from the relative amounts of disintegration
iron staining, core recovery, clay seams, etc.

Natural Breaks in ( < 1* )
RockLaven ( 1' - 4* )

( 4*. 12- )
( 12' - 36' )
( > 36- )

refers to natural breaks in the rode oriented at some angle to the rock layers.)
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.ELEV.. 1091.4±

.T 1 OF 1

nit National Suoerfund Site LOCATION: Deerfield Townshio
Conestoaa-Rovers & Associates Limited Portage County. Ohio

BLOWS ON

SAMPLER

%
1

3

4
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6
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6X
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2
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5

14

12

SO/

%{%
1 4

3 I 3
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U
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1

1
•^<
XX
XX
XX
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DRILLER: D. Beta

SOIL OR ROCK

CLASSIFICATION

Red-brown and brown Silty Clay, gray
laminated tr. f-c Sand, tr. f-c gravel, Coal
fragments (moist, FILL)
Contains orange and gray partings

Brown-orange Silty Clay, gray laminated,
tr. f-c sand, tr. f-c Gravel, tr. coal fragments
(moist, FILL)

Gray laminated, tr. coal fragments

COAL

Boring Complete with Spoon refusal at
13.7'

DRILL RIG: CME-55 Tr

NOTES

*AUCS= Average
Unconfined
Compressive
Strength in tons per •
sq.ft.

ack
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METHOD OF INVESTIGATION: ASTM D-1586 USING HOLLOW STEM AUGERS I
WEATHER OVERCAST-64 DEGREES CLASSIFIED BY: S. Bochenek U
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%
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70

%
1
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22
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_
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12

19
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DRILLER: D. BeitZ

SOIL OR ROCK
CLASSIFICATION

Red-brown, brown Silty Clay, tr. f-c gravel,
tr. f-c sand, tr. root (moist, FILL)

Brown Slliy Clay, gray laTriiriaFed, layer
Coal fragments, tr. f-c gravel, tr. f-c sand
(moist, FILL)
Coal fragments, tr. fine gravel

Tr. fine-coarse gravel, fine-coarse Sand
layer

Red-brown and orange brown Silty Clay,
gray laminated, tr. f-c gravel, tr. f-c sand,
contains f-c Sand seams (moist, FILL)

•^Coal fragments f
Weathered Rock

Augered to 15.0' Boring Complete

DRILL RIG: CME-55 Tr

NOTES

*AUCS= Average
Unconfined
Compressive
Strength in tons per -
sq.ft.

-

-

-

ack
METHOD OF INVESTIGATION: ASTM D-15?? USING HOLLOW STEM AUGERS
WEATHER: OVERCAST-64 DEGREES CLASSIFIED BY: S. Bochenek
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BLOWS ON
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DRILLER: D. BeitZ
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M
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$
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1
1

1
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SOIL OR ROCK
CLASSIFICATION

Red-brown and gray Silty Clay, tr. f-c sand,
tr. f-c gravel, tr. coal fragments (moist,

.. FILL)
\Fine-coarse SAND (moist, FILL) /

Red-brown and gray Silty Clay, tr. f-c sand,
tr. f-c gravel (moist, FILL)
Red-brown and brown Silty Clay, gray
partings, tr. f-c Sand, tr. f-c Gravel (moist,
FILL)
Little Coal fragments

Red-brown and brown Silty Clay, gray
laminated, tr. f-c sand, f-c Sand seam,
(moist, possible FILL)

kCOAL Fragments and dark red-brown a
black Silty Clay (moist)

Boring Complete with Auger refusal at
14.7'

nd
/

NOTES

*AUCS= Average
Unconfined
Compressive
Strength in tons per -
sq.ft.

-

-

DRILL RIG: CME-55 Track
METHOD OF INVESTIGATION: ASTM D-1586 USING HOLLOW STEM AUGERS
WEATHER: PARTLY CLOUDY-64 DEGREES CLASSIFIED BY: S. Bochenek
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DRILLER: D. Beftz

SOIL OR ROCK
CLASSIFICATION

Red-brown and black Clay, fine, tr. sand, tr.
silt, little f-c Gravel, tr. coal fragments
(moist, FILL)

Little Coal fragments, tr. f-c gravel

Little f-c Gravel

Black-gray Clay, tr. fine sand, tr. silt, little
f-c Gravel, some Coal fragments, light
brown laminated in Clay (moist, FILL)

Weathered Bedrock

Boring Complete with Spoon refusal at
29.1'

DRILL RIG: CME-55 Tr

NOTES

*AUCS= Average
Unconfined
Compressive
Strength in tons per
sq. ft.

-

-

-

-

--

Driller notes water
at 27.0'

ack
METHOD OF INVESTIGATION: ASTM D-1586 USING HOLLOW STEM AUGERS
WEATHER: PARTLY CLOUDY-70 DEGREES CLASSIFIED BY: S. Bochenek
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DRILLER: O. Beta

SOIL OR ROCK

CLASSIFICATION

Dark brown Silty Clay, tr. f-c Sand, little
Coal fragments (moist, FILL)
Black Silty Clay, light brown parting, tr. f-c
gravel, some Coal fragments (moist)
Coarse Sandy SILT layer

Brown-gray Silty Clay, some Coal
fragments, little f-c Gravel, tr. f-c sand

, (moist, FILL)

Red-brown Silty Clay, black lenses, some
Coal fragments, tr. f-c sand (moist, FILL)

Black-gray Silty Clay and Coal fragments,
little f-c Gravel, tr. f-c sand (moist, FILL)

Brown Silty Clay, little Coal fragments, little
f-c gravel, tr. fine sand (moist, FILL)

Red-brown Clay parting

Boring Complete at 30.0'

DRILL RIG. CME-55 Tr

NOTES

•AUCS= Average
Unconfined
Compressive
Strength in tons per
sq. ft.

Driller notes water
at 20.2'
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METHOD OF INVESTIGATION: ATSTM D-1586 USING HOLLOW STEM AUGERS
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SUMMIT NATIONAL SUPERFUND SITE
DEERFIELD TOWNSHIP, PORTAGE COUNTY, OHIO

EMPIRE PROJECT BTA-92-205
LOG OF BORINGS

DATE: SEPTEMBER 9 & 10 1992

Boring Location:

N-Values:
Total Depth:
Soil:

Equipment:

Grid 1-2

3,3,12,50/1"
19"
Reddish brown Silty CLAY, little f-c
Sand, tr. f-c Gravel, some Brick
(FILL). Depth of water-10"
A.G. Penetrometer

Boring Location:

N-Values:
Total Depth:
Soil:

Equipment:

Grid 2-2

3,8,7,7
2.01

Brown Silty CLAY, tr. f-c sand, tr.
fine gravel, Coal fragments (FILL)
A.G Penetrometer

Boring Location:

N-Values:
Total Depth:
Soil:

Equipment:

Grid 3-1

11,41,40,40
2.0'
Brown Silty CLAY, tr. f-c sand, tr.
f-c gravel, f-c Sand seam, tr. coal
fragments (FILL)
A.G. Penetrometer



SUMMIT NATIONAL SUPERFUND SITE
DEERFIELD TOWNSHIP, PORTAGE COUNTY, OHIO

EMPIRE PROJECT BTA-92-205
LOG OF BORINGS

DATE: SEPTEMBER 9 & 10 1992

1
1
J

Boring Location:

N-Values:
Total Depth;
Soil:

Equipment:

Boring Location:

N-Values:
Total Depth;
Soil:

Equipment:

Boring Location:

N-Values:
Total Depth;
Soil:

Equipment:

Grid 2-4

4,11,12,13
2.0'
Brown Silty CLAY, tr. organics, tr.
f-c gravel, tr. f-c sand, Coal
fragments, f-c Sand seams (FILL)
A.G. Penetrometer

Grid 2-5

8,10,10,7
2.01

Brown Silty CLAY, some Slag, little
f-c Gravel tr. f-c sand, f-c Sand
lense (FILL)
CME-55 Rig

Grid 2-6

3,5,5,6
2.0'
Brown Silty CLAY, little Organics,
tr. f-c gravel, tr.f-c sand (FILL)
CME-55 Rig

J
J
J
J
J
J
J
J
J
J

J
J
J



SUMMIT NATIONAL SUPERFUND SITE
DEERFIELD TOWNSHIP, PORTAGE COUNTY, OHIO

EMPIRE PROJECT BTA-92-205
LOG OF BORINGS

DATE: SEPTEMBER 9 & 10 1992

Boring Location: Grid 3-5

N-Values:
Total Depth:
Soil:

Equipment:

2,5,4,6
2.0'
Brown Silty CLAY, tr. organics, tr.
f-c gravel, tr. f-c sand, f-c Sand
seams, Coal fragments (FILL)
CME-55 Rig

Boring Location:

N-Values:
Total Depth:
Soil:

Equipment:

Grid 4-4

3 , 3 , 7 , 8
2.0'
Brown Silty CLAY, some Coal
fragments, little f-c Sand, little
f-c Gravel (FILL)
CME-55 Rig

Boring Location:

N-Values:
Total Depth:
Soil:

Equipment:

Grid 4-5

5,12 ,12 ,9
2.0'
Coal, little orange f-c Sand, tr.
clay (FILL)
CME-55 Rig



SUMMIT NATIONAL SUPERFUND SITE
DEERFIELD TOWNSHIP, PORTAGE COUNTY, OHIO

EMPIRE PROJECT BTA-92-205
LOG OF BORINGS

DATE: SEPTEMBER 9 & 10 1992

Boring Location;
N-Values:

Total Depth;
Soil:

Equipment:

Grid 4-3

19,30,32
18"
Foundary SAND, some brown Silty
Clay, tr. coal fragments, tr. f-c
Gravel, tr. f-c Sand (FILL)
A.G. Penetrometer

Boring Location;

N-Values:
Total Depth:
Soil:

Equipment:

Grid 4-6

8,16,21,14
2.0'
Brown Silty CLAY, Gray laminated f-c
foundary Sand, Sand seams, tr.f-c
gravel (FILL)
A.G.Penetrometer

Boring Location;

N-Values:
Total Depth:
Soil:

Equipment:

Grid 4-7

3,2,2,1
2.0'
Brown Silty CLAY, little f-c
foundary Sand, tr. f-c gravel, Coal
layer (FILL)
A.G. Penetrometer



SUMMIT NATIONAL SUPERFUND SITE
DEERFIELD TOWNSHIP, PORTAGE COUNTY, OHIO

EMPIRE PROJECT BTA-92-205
LOG OF BORINGS

DATE: SEPTEMBER 9 & 10 1992

Boring Location:

N-Values:
Total Depth:
Soil:

Equipment:

Grid 4-8

2,1,WR,1
2.0'
Brown Silty Clay, Orange partings,
little f-c Gravel, tr. f-c sand, tr.
coal fragments (FILL)
A.G. Penetrometer

Boring Location:

N-Values:
Total Depth:
Soil:

Equipment:

Grid 5-9

4,4,5,13
2.0'
Brown Silty CLAY, Little f-c Gravel,
little f-c Sand, little Coal
fragments, Coal layer (FILL)
A.G.Penetrometer

Boring Location:

N-Values:
Total Depth:
Soil:

Equipment:

Grid 1-9

3,4,6,7,
2.01

I1 Thick Topsoil, some brown Silty
CLAY, tr. coal fragments, orange
Sand seams (FILL)
A.G. Penetrometer



SUMMIT NATIONAL SUPERFUND SITE
DEERFIELD TOWNSHIP, PORTAGE COUNTY, OHIO

EMPIRE PROJECT BTA-92-205
LOG OF BORINGS

DATE: SEPTEMBER 9 & 10 1992

Boring Location:

N-Values:
Total Depth:
Soil:

Equipment:

Boring Location:

N-Values:
Total Depth:
Soil:

Equipment:

Boring Location:

N-Values:
Total Depth:
Soil:

Equipment:

Grid 5-6

5,9,11,5
2.0'
F-c Sand, f-c Gravel, and Silt, tr.
brick (FILL)
CME-55 Rig

Grid 5-7

6,10,10,6
2.0'
Brown Silty CLAY with orange seams,
tr. sand, tr. f-c gravel, Coal
fragments (FILL)
CME-55 Rig

Grid 6-7

6,15,12,14
2.0'
Brown Silty CLAY, tr. coarse gravel,
tr. f-c sand, some Coal fragments,
Sand seams (FILL)
A.G. Penetrometer

I
I
I
I
I
I
I
I
I
1
1

I
1
1
1
1



SUMMIT NATIONAL SUPERFUND SITE
DEERFIELD TOWNSHIP, PORTAGE COUNTY, OHIO

EMPIRE PROJECT BTA-92-205
LOG OF BORINGS

DATE: SEPTEMBER 9 & 10 1992

Boring Location:

N-Values:
Total Depth:
Soil:

Equipment:

Grid 6-6

5,13,15,12
2.0'
Brown Silty CLAY, tr. f-c gravel, tr
f-c sand, tr. coal fragments (FILL)

A.G. Penetrometer

Boring Location;

N-Values:
Total Depth:
Soil:

Equipment:

Grid 5-4

13"
Brown Silty CLAY, some f-c Gravel,
some f-c Sand (FILL)
A.G. Penetrometer

Boring Location:

N-Values:
Total Depth:
Soil:

Equipment:

Grid 5-2

5,22,25/.2
14"
Brown Silty CLAY, some f-c Sand,
Coal layer, Coal fragments, orange
f-c Sand seams (FILL)
A.G. Penetrometer
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Project:

Client: .

D } KNAONCn fXOAD. P.O. iOX ai«fl. OALLSTO* SPA. NY 13020 618/WW-7401
0 HUT SOUTH PARK AVENUE, P.O. BOX Ofll3. HAMBUnC. NY 1«075 716/W9-8110
O 105 CORONA AVENUE. QHOTON. NY 130T3 607/898-5M1
I 1«0 TCLSOMPH *OAO. P.O BOX 897. MlODtEPOHT. NY 1«10S 718/73* 3502
D 4287 WITMB* «OAD B.P.O BOX 188. NIAGARA FALLS. NY 14305-0188 7i«/»7-59«i
Q S33 4UMMIT POINT OfllVC, I iCNniCTTA. NV 144«7 7t6/360 1080
C 35 NATIONAL HOAD.SDISON.NJ 08817 908'287-a224 . ,„ „„
C MOHSANTOWN §US. PARK, P.O. BOX 109, MOOGANTOWN. PA 1D643 215.'286-«857

_ Report No:

Date: '

Contractor: .._ Job No.:

Date of
NO

,5"

/o

Depth or Density
Etovdtiun (pcf)

Moisture

'.3 /7.7

7?-Z

Proctor
Cod*

Location and Remarks

($5

V - V
CS

Material Type and Source

Respectfully

EMPIRE SOILS INVESTIGATIONS. INC

V

Technician Time: _

Technician: _3i
•UMUHKACC CXPI.OAATION • COMrmuCTlON QUALITY CONTROL • RCAVICCS

MMamc M* *um wr >«HM-



II I •»

== a

5 KNABNbK ROAD P.O BOX 2199 OAlLSTON SPA. NV 12020 *1«/89»>7491
S-51S7 SOUTH PARK AVENUE. P 0. BOX 0013. HAMBURG. NV 14075 T16/649-81 10
105 CORONA AVENUC OROTON. NY 13073 fl07.'998-58»i
140 TELEGRAPH ROAO. PO BOX 297. MIODLC»ORT. NY 14105 716/735-3502
4J87 WITMEB ROAD. 8.PO BOX 1M. NIAGARA FALLS. NY 14306-0188 716/29M981
535 SUMMIT POINT ORIVt HENRIETTA. NY 1446T 718/358-1900
35 NATIONAL ROAD. EDiSON, NJ 08817 90B/287-22?4

I MORGANTOWN BUS. PARK. P.O BOX 189. MORGANTOWN. PA 19543 215/2S646S7

L
1

/ T MA TrOtJQL. Report No:

. Job No.: STA-Contractor

Pi odor | Maximum Optimum
Cod« i Density (pcf) I Moilturt(%) Material Type and Source

L- 1

Remarks:

Respectfully tubmittod.

EMPIRE SOILS iNVESTlOATJONS. INC.

Technician Time:

Technician: ——
SUMUftFACt M^UMATION fl eON9*«ueTiOM QUAtlTv CONTHOk •

J

j

J

J



SUMMARY OP LABORATORY TEST RESULTS
WATER CONTENT

SUMMIT NATIONAL SUPERFUND SITE
DEERFIELD TOWNSHIP, PORTAGE CO., OHIO

LAB NO. BORINQ NO.

1429.001 B-l
1429.002
1429.003
1429.004
1429.005
1429.006

1429.007 B-2
1429.008
1429.009
1429.010
1429.011
1429.012

1429.013 B-3
1429 .014
1429.015
1429.016
1429.017
1429 .018

1429.019 B-4
1429.020
1429.021
1429.022
1429.023
1429.024
1429.025
1429.026
1429.027

1429.028 B-5
1429.029
1429.030
1429.031
1429.032
1429.033
1429 .034
1429.035
1429.036

SAMPLE NO.

S-1
S-2
3-3
S-4
S-5
S-6

S-l
S-2
S-3
3-4
S-5
S-6

S-l
S-2
S-3
S-4
S-5
8-6

S-l
S-2
S-3
S-4
S-5
S-6
S-7
S-8
S-9

S-l
S-2
S-3
S-4
S-5
S-6
S-7
S-8
6-9

3A>
DEPTfc

0.0
2.0
4.0
6.0
8.0

13.0

0.0
2.0
4.0
6.0
8.0
13.0

0.0
2.0
4.0
6.0
8.0
13.0

0.0
2.0
4.0
6.0
8.0
13.0
18.0
23.0
28.0

0.0
2.0
4.0
6.0
8.0
13.0
18.0
23.0
28.0

IPLE
I (PT) C

- 2.0
- 4.0
- 6.0
- 8.0
- 10.0
- 15.0

- 2.0
- 4.0
- 6.0
- 8.0
- 10.0 '
- 15.0

- 2.0
- 4.0
- 6.0
- 8.0
- 10.0
- 15.0

- 2.0
- 4.0
- 6.0
- 8,0
- 10.0
- 15.0
- 20.0
- 25.0
- 30.0

- 2.0
- 4.0
- 6.0
- 8.0
- 10.0
- 15.0
- 20.0
- 25.0
- 30.0

WATER
INTENT
(%)

30.6
25.2
20.8
17.2
14.8
13.4

25.8
26.6
20.5
13.9
17.1
8.5

21.9
18.0
30.4
22.9
18.7
26.2

24.0
18.9
15.4
19.3
18.4
17.1
13.3
15.0
12.3

17.0
15.6
14.0
15.6
16.6
15.9
14.8
18.9
16.6



ANALVTICAL

EPA

Wet.

No. i 375.

i
I
1
1

I 1
S#mol* i HAS >

Oate I Sainoi* «9i- > Client l.C>.
i i

o/2%/92 ' 1-50-001 < S-l
i

5-1
9/14/92: 1^50-001 ' S-i

i i
B-2

<9/24.''2i ltSO-003 i £-2
j i
i - e-2

9/2*»-9i i 1-50-30* i S-3
i

/ , fr-3

i
i , ft- 5

9,'2-/9-'i 1-50-006 ' S--^

f- p»o*r»o i An*iyr»a : Limit i Result
i i i
i • t

lO/ l /92i 10/1/921 10 ' 389
i i 1
t i i

lO/l/92'i 10/1/92. 1C i 1366
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i i i
1 .' i
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t < I
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. t i
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1 r

: [
Units 'OC in *

I•~— -,™-|
mg/kg ) *?i* «*

1

' o 1me/kg I 95* <Ji
1

i

' B. 1mo/ no l 95*
" " . ^

1
mg/Kg 1 95* J

1 -I
1 42**

ma/ha 1 95* 1( 4
* !>i« i*cac*t»* tn*t A 9S * co'Mio«nc« limit w«s *oni*v*d with an ERA Quality Contrl

k »n«iv:ao wit.fi tm* 4
»• Tni« «*mol» w*s in ouolicat* with tn» RPO mdie*t«fl aoove. J

J
J

i

J

J
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1
100

90

30

70
cztil
560
u.

£50
LU
U
Q[

tt 4°

30

20

10

0
2C

Test
• 7

GRAIN SIZE DISTRIBUTION TEST REPORT L

i - .'5 ••* " 98 1T " 2 S 5 x 2 8 * 1 -1 ^10 ri N •< — n x " * * * » * * •*

i

)0

: ^' ID h N *» •sV

N
i>

^ s
':

I

1

s

i

i-

1

-1-

1

a
Hi
i

1OO 1O.O l.O 01 0.01 oJ^O
GRAIN SIZE - mm

X +3"
0. 0

LL
•

X GRAVEL
3.2

X SANO
47. 1

PI °B5
1 .04

DQO

0.18
D50

0.07
°30

% SILT X CLA^.I
49.7 J-

1
D15

MATERIAL DESCRIPTION
• 9RCY FINC9 AND SANO. tree* gravel

Project NO.: BTA-02-209
Project: SUMMIT NATIONAL SUPEPFUND SITE
• Location; OS 8-7

Oete: OCTOBER 6, iM2

ORAZN SIZE DISTRIBUTION TK8T RCPORT

EMPIRE SOILS INVESTIGATIONS. INC

°io

uses

cc
-1-

1
AASHTO

1
Reman kt: 1

i
LAB NO. 1429.057 1

Figure No. 1 i



GRAIN SIZE DISTRIBUTION TEST REPORT
. .« .sis,

100 « 8 S I
90

80

70

M 60

50
uiuoc
OJ 40
Q.

30

20

10

200 1OO 10.0 1.0 0.1
GRAIN SIZE - mm

Test +3'
0.0

X GRAVEL
18. 2

X SAND
40.4

0.01 o.oc

SILT X CLAY
41 .4

LL PI Dfl5 D50
3.46 0.51 0.20

MATERIAL DESCRIPTION
3REY FINES AND SANO. Little Cr«v«l

Project NO.: BTA-02-20S
Project: SUMMIT NATIONAL auPCRFUNO SITE
* Location; 93 6-6

0«ti: OCTOBER 6. 1992
SPAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS. INC

uses AASHTQ

Pamarks:

LAB NO 1429.056

Figure NO. 1
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• 5

i
SRAIN SIZE DISTRIBUTION TEST REPORT J

, i A<i " ,, 1"" T " * ? ! * y 2 8 f $ «810 ft r» " ^ f " t * » » % * « V

i
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•

:\i :

!
^ ss
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^^

•

s\ji, i

100 10 0 i.O
GRAIN SIZE - m

X +3"
0. 0
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•

X GRAVEL
22.6

jjjjjj
0. 1 0.01 O.&.

m

x SAND
49.5

PI 095

6.91
060

1.26
°50

0.46
°30

0.091

X SILT X CLAY
27.9

.

m

m

I
\
\
\
I
I

»i

I
.

DjS

MATERIAL DESCRIPTION

• OBEY 3 A NO. Son* Flft«» 6 Gr»v»l

Project NO.: BTA-92-203
Project: SUMMIT NATIONAL 8UPERFUNO SITE
• Location: OS 0-9

D«tt: OCTOBER 6, 1998

1 GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS. INC

D10

uses

f

I

t

Cc cu
•̂

AASHTO

i

*t marks:

J
.AB NO. 14S9.05S

:iQur« No. 1

J

L
L
L
L-



GRAIN SIZE DISTRIBUTION TEST REPORT

100
90

80

70
CC

z£ 60
U.

5 50
UJ
u
UJ 40a

30

20

10

200 100

Test
0 .0

10.0 1.0 0.1
GRAIN SIZE - nn>

0.01

GRAVEL
18.7

SAND
47.9

% SILT
33 4

CLAY

LL PI °85 Deo DSO D30
D10

7.67 0.62 0.32

MATERIAL DESCRIPTION

OBEY 3 A NO. Sam* Finee. Little 6r»v«l
uses AASHTO

Project NO.: BTA-98-20O
Project: SUMMIT NATIONAL SUPEBFUNO SITE
• Location: 9S 5-7

Dete: OCTOBER 6, 1802

Pemerks:

GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS. INC

LAB NO. 1429.054

Figure No . i
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Test
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SRAIN.SIZE DISTRIBUTION TEST REPORT ^
B. c. «, d s i &
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'1
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j
i

N1(

•

,-
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100 1O.O 1.0 0.1
GRAIN SIZE - mm

X +3"
0. 0

LL
•

X GRAVEL
27.7

% SAND
43.8

PI De5

19.34
Dao

0.66
DSO

0.39
°30

0.087

«

«

*

«

«

g

«

0 Ol 0.0
«

X SILT X CLAY
28.5 ,

«

°15

MATERIAL DESCRIPTION

• ORBY SANO. Some Fin«« C Gr«v»l

Project No.: BTA-92-S05
Project: SUMMIT NATIONAL SURE HP UNO SITE
9 Location; 88 5-6

|

D«t«: OCTOBER 6. 1998

CRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS. INC

D10

uses

cc
cu

w

•»

•

•

»

»

»

r

r

1
r

t

9

—

1
AASHTO -*

J
Remarks:

^

LAS NO. 1429.053

«
Figur* No . 1
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1
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GRAIN SIZE DISTRIBUTION TEST REPORTs .
• * • |U » a» •* •»

100

90

80

70
a
J? 60
U.

550
UJ

• "S S S»i « • • • « « « «

U

30

20

10

S I* *

200 100 ao.o i .o o.i
GRAIN SIZE - rnrn

0 01 0.001

Test X ->-3" X GRAVEL X SAND X SILT X CLAY
0.0 6.8 54.4 35.8

LL PI °65 D60 050 °30 D10
2. 19 0.46 0.22

MATERIAL DESCRIPTION

SAND AND FINES, true* gravel

Project No.: BTA-92-205
Project: SUMMIT NATIONAL SUPCRFUNO SITE
• Location; 98 5-4

Data: OCTOBER 6. IMS
&RAIN SZZC DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS. INC

uses AASHTO

Remarks:

LAB NO 1429.053

Figure NO. 1
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MATERIAL DESCRIPTION

• 9AEY BAND. Somt Fin«». trace gravel

Project No.: BTA-02-805
Project: SUMMIT NATIONAL SUPEBFUNO SITE
• Loci t ion: G5 5-2

|

0«t»: OCTOBER 8, IMS

(WAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS. INC
» » • j ^^ • » » V ^ ^ * < A • • »

-
i

DIO

uses

cc Cr

1
AASHTO -^

1
Remarks: i

1
LAB NO. 1429.051 ,

Piflur* No. 1

1



100 *

90

80

70

£ 60u.

z 30
u
g
UJ 40
0.

30

20

10

GRAIN SIZE DISTRIBUTION TEST REPORT
5 . . .. .» . a m

5 £ - - , C t , 8 § « S 2 jn M « « « P M % » « % * »l

200 100 10.0 1.0 O. t
6RA1N SIZE - mm

Test \ *3' X GRAVEL SAND

0 .01 O OO

SILT X CLAY
20 0.0 37.4 58.0

LL PI DBS °60
0.97 0.09

MATERIAL DESCRIPTION

• 3REY FINES ANQ SANO. troc»
uses AASHTO

Pro)«ct No.: BTA-02-205
Project: SUMMIT NATIONAL SUPCRFUNO SITE
• Location: 93 4-6

0«t«: OCTOBER 6, 1999
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ORAZN SIZE DISTRIBUTION TEST REPORT
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LAB NO, 1429.050
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MATERIAL DESCRIPTION

• 0RCY SANO. Some Pine*. Little Grevei

Project NO.: BTA-92-205
Project: SUMMIT NATIONAL SUPERPUNO SITE
• Loci t Ion; SS 4-7

Date: OCTOBER 6. 1992
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GRAIN SIZE DISTRIBUTION TEST REPORT
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MATERIAL DESCniPTION uses AASHTO

OREY SAND AND TINCS. Llttl* Gravel

Project No.: BTA-02-205
Project: SUMMIT NATIONAL SUPERFUND SZTC
• Location: 35 4-6

Date: OCTOBER 6, 1882

Remarks:

GRAIN SIZE OISTR1BUTION TEST REPORT
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LAB NO 1429.048

Figure No. i
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MATERIAL DESCRIPTION

• BLACK SAND. some Fine*. Little Gravel

Project No.: BTA-Q2-206
Project: SUMMIT NATIONAL SUPEQFUNO SITE
• Location: GS 4-9

Date: OCTOBER 6, 1SS2
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MATERIAL DESCRIPTION uses AASHTO
ORK GREY SANO. Some Grovt J 5 Fines

Project No.: BTA-82-S08
Project: SUMMIT NATIONAL SUPERFUND SITE
• Location: OS 4-4

Data: OCTOBER 6, ififiS

Remarks:

GRAIN SIZE DISTRIBUTION TEST REPORT
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LAB NO 1429.046
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MATERIAL DESCRIPTION
t) DROWN SAND. Somm finmm. Llttl* &rav«l

Project No.: BTA-02-20S
project: SUMMIT NATIONAL SUPERPUNO SITE
• Location; 63 4-3

Date: OCTOBER 6. 1998
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MATERIAL DESCRIPTION uses AASHTO
BROWN SANO AND CRAVCL, Son* Ftn««. ORGANICS

Project NO.: BTA-92-S03
Project: SUMMIT NATIONAL SUPEPFUNO SITE
• Location: GS 3-B

D«t*: OCTOBER B, 1992
8HAIN SZZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS. INC

LAB NO. 1429.044

Figure No. 1
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MATERIAL DESCRIPTION

* BROWN SAND ANO FINES. Little Or aval

Project No.: BTA-98-20S
Project; SUMMIT NATIONAL SUPERFUNO SITE
• Location: 68 3-1

Oetft: OCTOBER 6, 1098
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MATERIAL DESCRIPTION uses AASHTO
BROWN SANO. Somo Fin«e. Ltl« Gravel. ORGANICS

Project No.: BTA-82-205
Project: SUMMIT NATIONAL SUPERPUND SITE
• Location: GS 2-6

Dftte: OCTOBER 6. 1892

Remarks:

GRAIN SZZE DISTRIBUTION TEST REPORT
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Figure No. 1
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MATERIAL DESCRIPTION

!• BROWN GRAVEL AND SANO, Som« Fln«m. ORGANIC5

Project No.: BTA-92-205
Project: SUMMIT NATIONAL SUPERFUNO SITE
• Location: OS 2*6

0*t«: OCTOBER 6, 1992
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MATERIAL DESCRIPTION

BROWN FINES AND BAND. Littl* Gravel. ORGANICS

uses AASHTO

Pro)«c t No.: BTA-02-205
Project: SUMMIT NATIONAL SUPERFUNO SITE

Location: OS 3-4

Data; OCT09CB 6.

Remarks:

BRAIN SIZE DISTRIBUTION TEST REPORT
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LAB NO. 1429.040

Figur* No. 1
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MATERIAL. DESCRIPTION

!• BROWN FtNCS. Son* Sand, trac* gravel

Project No.: BT A- 98- 205
Project: SUMMIT NATIONAL SUPERFUNO SITE
• Location: S3 8-2

Data; OCTOBER 6. 1892
GRAIN SIZE DISTRIBUTION TEST REPORT
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MATERIAL DESCRIPTION uses AASHTO

• BROWN SAND AND FINES, tr»e» flr»v»l. OBGANICS

Pro)«ct No.: BTA-92-20B
Project: SUMMIT NATIONAL SUPEftFUND SITE
• Location: SS 1-9

Oat*: OCTOBER 6, 1998

RemarKS:

I GRAIN SIZE DISTRIBUTION TEST REPORT
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LAB NO. 1429.038

Figure No. 1
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MATERIAL DESCRIPTION

• BLACK SANO. Sam* Cnvtl fi Fin««

,
Project NO.: BTA-02-205
Project: SUMMIT NATIONAL SUPERFUNO SITE
•> Location; QS 1*2

Data: OCTOBEP 6, 1992
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MATERIAL DESCRIPTION
BROWN SAND. Son* Fjn«« C <Sr»v«l

Project No.: BTA-02-205
Project: SUMMIT NATIONAL SUPCRFUNO SITE
• Locetion; B-S / S-3 / 4'- 6'

: OCTOBER 6. 1992

I
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MATERIAL DESCRIPTION
• BROWN FINES AND SAND, trie* gravvl

Project No.: BTA-92-8OS
Project: SUMMIT NATIONAL SUPERFUNO SITE
• Location: B-4 / s-a / 2'- 4'
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MATERIAL DESCRIPTION

BROWN FINES. Som« Band. tn«c» grav«l
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Project No.: BTA-92-20B
Project: SUMMIT NATIONAL SUPERFUNO SITE

Location: B-3 / 8-2 / 2'- 4'

Date: OCTOBER 6, 19Q2
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BRAIN 5I2C DISTRIBUTION TEST REPORT
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MATERIAL DESCRIPTION

• BROWN FINES, Some Sand, tree* gnav«l

Project No.: BTA-92-205
Pro) act: SUMMIT NATIONAL SUPERFUNO SITE
• Location: B-2 / S-O / B - 10'

IDeta: OCTOBER 6, IMS
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GRAIN SIZE DISTRIBUTION TEST REPORT
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MATERIAL DESCRIPTION uses AASHTO
• BROWN FINES, tract tend C gravel

Project No.: BTA-02-20S
Project: SUMMIT NATIONAL SUPEP.FUNO SITE

Location: B-l / S-4 / S1- 8'

Data: OCTOBER 6, 1908

Remarks:

QAAXN SIZE DISTRIBUTION TEST PC PORT
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LAB NO. 1429.004

Figure No. 1


